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positive mechanical drive 


for greater accuracy 
in graphic data 
recording 


LIBRASCOPE’S UNIQUE “FLOATING GEAR TRAIN,” 
and conservatively rated conventional 
vacuum tube and harness circuitry 
result in static accuracy of 0.1% and dynamic 
accuracy within 9.5% of full scale, 
at a tracking rate of 5 inches per second. 


The Librascope Models 200-A and 200-B XY Plotters are engi- 
neered for accuracy, rapid response, and ease of oper- 
ation. The positive mechanical drive of the Floating 
Gear Train eliminates lost motion, cable stretching or 
alignment adjustments, normally found in the cable 
tape or lead screw type of drive. The new, simplified 
plotting pen of one-piece design—used for point or 
continuous plotting—eliminates bottles and tubes— 
permits rapid changing of ink colors. Easy to load 
and always visible, the plotting table accepts paper up 
to 11”x 17”. Point plotting or curved tracing is accom- 
plished with equal ease with one-second full scale re- 
sponse. A variety of input accessories are listed below. 














LIBRASCOPE PUNCHED TAPE 
CONVERTER 


Career opportunities exist at Librascope for 
qualified enginecrs, physicists and 
mathematicians. Learn about Librascope’s 
new “Creative Project Development Teams.” 
Contact Glenn Seltzer, Employment Manager. 


Control panel configuration of MODEL 200-B for DC signal input 


MODEL 200-A can utilize any external resistance potenti- 
ometer as an input transducer associated with each axis. 
Independent 10 to 1 scale expansion and origin positioning 
controls are provided. Facilities for external control of the 
pen drop solenoid and for simultaneous contro! of external 
equipment through switch closures, are provided. 


MODEL 200-B, used for DC signal input, has full-scale sen- 
sitivities of five millivolts and an input impedance of 1,000 
megohms in the millivolt scale ranges. Drift-free operation 
is assured by chopper-stabilizing the voltage inputs against 
an Epply standard cell reference. 


READILY ADAPTABLE 

FOR RACK MOUNTING 
Librascope XY desk model 
plotters are readily adapt- 
able for mounting in stand- 
ard RCA and RMA racks, 
tor which accessory hard- 
ware is available at slight 
extra cost. 


LIBRASCOPE 

BINARY CONVERTER 

Translates X and Y coordinate 
nformation received in the 
form. of binary signals into 
analog signals for automat 

point plotting by a MODEL 
200-A Plotter. Has a capacity 
of nine binary digits and a 
resolution of one part in 512 


© 1957 LIBRASCOPE, INC 
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— foolproof — fully automatic — pin-point 
program check output monitoring circuit analysis 


Only the new GEDA Automatic Problem 
Analyzer completely checks 
computer programming and operation. 


Here’s one of the greatest advances in computer speed and 
reliability. It’s the new GEDA Automatic Problem Analyzer 
— standard equipment at no extra cost on every GEDA A-14 
Goodyear Electronic Differential Analyzer. 


Here’s how it works: 


Switch the computer control to CALIBRATE. Then simply dial 
the “call” number of the first active channel in your problem. 
From here on every existing output in the computer, whether 
linear or nonlinear, is scanned and its position and value indi- 
cated. Repeat the dialing process for each active channel in 
succession. Then, compare the output readings with your set-up 
diagram. You know at once whether: (1) all connections are 
properly made; (2) unwanted connections exist; (3) every 
amplifier, multiplier, function generator, coefficient potentiom- 
eter, etc., used in the problem is operating properly; (4) 
every coefficient in the computer has been properly established, 
and (5) all initial conditions are present and correct. 


But, that’s not all. By adding only the optional GEDA Auto- 
matic Read-Out Printer, the entire operation becomes fully 
automatic — from start to finish — giving you a continuous 
printed record of every active channel, by number, plus the 
connection, magnitude, polarity and scale factor of every 
output — channel by channel. If an error exists, you know 
immediately where to find it on the problem board. 





As if that weren’t enough, the GEDA A-14 scanner will also 
completely check every element in the computer for output 
drift and calibration adjustment. And, A-14 circuitry provides 
for coefficient potentiometer settings by the new through-put 
gain method. 


The Automatic Problem Analyzer is but one of many advanced 
design and engineering features which make the GEDA A-14 
Series the most accurate and flexible analog computers ever 
available. Get the complete GEDA A-14 story today. Write: 
Goodyear Aircraft Corporation, Dept. 931GE, Akron 15, Ohio. 


P.S. For detailed information on the GEDA A-14 Automatic 
Problem Analyzer, ask for your personal copy of the technical 
paper, “A New Method of Verifying Analog Computer Prob- 
lems and Performances.” 


SEDA 


ANALOG ; COMPUTERS 


The Way To Give Your Hunch a Chance 


GOODFYEAR 
AIRCRAFT 


GEDA~—T.M. Goodyear Aircraft Corporation, Akron 15, Ohio 
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MODEL MR532-15A 
VOLTS with *Y% REGULATION 


o 15 anes _ IMMEDIATE 
Yaaniike VERY! 


41/,"" Voltmeter (2%) 
44°’ Ammeter (2%) 


Voltage Vernier 


Voltage Control 


5-Way DC Output Terminals 
(DC Terminal strip also on 


rear of chassis) 


DC Range Switch 


DC Output Switch 
DC Fuse 
Pilot Light 
AC Input Switch 


Now...for Your Laboratory...the most versatile TUBELESS, 


Regulated and Filtered Power Supply 


* REMOTE SENSING * VERNIER VOLTAGE CONTROL 


OTHER a * NO TUBES, MOVING PARTS OR VIBRATING CONTACTS 





VOLTS AMPS REG. MODEL Specifications .... 

en 25 ' M60V REGULATION: 5-32V Range: + ¥%% for combined line changes of 105-125VAC and load 
of 0-15A. DC. 

24-32 i0 +% 28-10WX 2-5V Range: + 2% for combined line changes of 105-125VAC and load changes of 
0-15A. DC. 

24-32 30 28-30WX 32-36V Range: + 2% for combined line changes of 110-125VAC and load changes 
of 0-15A. DC. 


RIPPLE: 1% rms max. @ 36 volts and full load. Increases to 2% @ 2 volts and full load. 
AC INPUT: 105 to 125 volts, 1 phase, 60 cps. (8 amps, Input) 
Ripple on all above models: 1% rms RESPONSE TIME: 0.1 to 0.2 seconds maximum. 


6, 12 and 115 V models also avail- DIMENSIONS: 191," wide x 15%" deep x 1314" high with cabinet. (19 wide x 143%," deep 
able. Write for complete specifica- x 12%" high rack panel construction) 


tions on all models listed above. 
FINISH: Gray Hammertone WEIGHT: Approx. 135 Ibs. 














5-40 30 : MR 1040A 





24-32 100 +4 100 XA 








Representatives in principal cities throughout the country. 
Wire collect for complete price information. 


PERK IW ENGINEERING corp. 


Seamed 6345 KANSAS ST. © EL SEGUNDO, CALIF. « ORegon 8-7215 or EAstgate 2-1375 
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INSTRUMENTATION AND AUTOMATIC CONTROL SYSTEMS 
Published for engineers anc technical manageme nen who are responsibie tor 


the design and application of instrun ition and automatic contré 





TABLE OF CONTENTS 


Static Switching Devices— New Tools for Industrial Control 

R. A. MATHIAS of Carnegie ‘Tech blankets this young field in a special 28-page insert. 
72 A SHORT COURSE IN BASIC LOGK 

5 HOW STATIC SWITCHING DEVICES WORK 

84 A LOOK AT COMMERCIALLY AVAILABLE SYSTEMS 

86 STATIC SWITCHING APPLIED 


93 SYSTEM-DESIGN HINTS, COST, AND INPUT AND OUTPUT PROBLEMS 


Analysis Instrumentation — Helps Optimize Industrial Processes 
HARRY R. KARP of Control E ngineering leads off a new 12-article series on analysis 


instrumentation by discussing the fundamentals and tabulating the analytic techniques. 


Is It Cheaper to Improve Controllers or to Increase Safety Margin? 
I. G. STUBBART, R. P. MARCOTTE, and M. A. HYMAN of Westinghouse Electric 


Corp. show how to mathematically determine safety margins in multiple control systems. 


Data File 5— Reliability of Redundant Switches 
OBERT B. MOAN of Lockheed Aircraft Corp. adds another link in the chain of systems- 
reliability information with data on systems that include decision-switching devices. 


Basic Digital No. 13: Checking Techniques for Digital Computers 
R. W. HAMMING of Bell Telephone Labs. tells how computer can check itself, and 


discusses the little-understood problem of human errors in coding and programming. 





2 aectromic Trailmarking System Guides Weasel in Arctic 
A. O'ROURKE of Fort Belvoir reveals the details of a magnetic “seeing-eye” system. 


wei Frequency Response from Pulse Response Mechanically 


M. T. GARDNER of Royal Canadian Navy describes a unique response-converting device. 


Giant Sling-Shot Tests Missile Components 


Not a toy, this air-powered test sled simulates guided-missile launching accelerations 


An Inexpensive Approach to Interface Level Measurement 
]. P. SHOFFNER of du Pont uses a tricky two-gage technique to find interface level 
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Control Personality — SIDNEY A. DAVIS 

Pacing theory with physical reasoning makes him a leading author, teacher, and engineer. 
What’s New in the Control Field 

Who’s moving the fastest in the steel industry, the control makers or the user engineers? 
Industry’s Pulse — Control Revitalizes DC Equipment Business 

Speed and position control in integral-horsepower applications zoom sales of de drives 
Editorial — Reduce Meeting Redundancy 

Coordinated scheduling and coverage of control conclaves will help you call your shots. 
New Product Developments 

Signs of the times — new high-performance de motors, new standard saturable reactors. 
Abstracts of Technical Papers 

Control with a conductivity gage; using springs in instruments; self-optimizing control. 


208 New Books on Control Engineering 
A book on business-data processing reviews how companies investigate needs in this area. 


8 Shoptalk 175 Bulletins and Catalogs 
10 Feedback 214 Meetings Ahead 








Orville E. Orbom, chief electronics engineer at Allegheny Ludlum Steel Corp., represents 
a new caste of engineers in the steel industry. Specializing in industrial automatic control 
and the design and application of special-purpose computers, he helps keep his company in 
the fore in the competitive steel market (see page 22). After graduating from Augustana 
College in 1948 as a physics major, Orville joined ALCOA to develop instrumentation for 
the analytical chemistry field. But, urged on by J. R. Churchill of ALCOA, his interest 
gradually shifted to encompass both measurement and control. An opportunity to devote 
full time to industrial machinery control prompted the switch to his present position. 
Membership in the ISA, ACS, and IRE helps him keep abreast of the field. 
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Model 5571 0-42 mc Fre- 
quency Meter; price, 
$1,745.00 


Model 5580 Reference Gen 
erator, with 5581 series 
plug-ins, extends range to 
515 mc. Price, Model 5580, 
$300.00; 5581/4 plug-in 
(42-155 mc) $150.00; 
581/15 thru 48 (152 to 
515 mc in 33 mc bands), 
$100.00 each 


The Frequency Meter 


BilohaClach 2m Andie il-Me els 
Berkeley Model 5571 





Model 5585 Selective 
Amplifier provides 100 
microvolt sensitivity 
in the 0-42 mc range. 
Price, $425.00 


Model 5590 WWYV re- 
ceiver permits calibra- 
tion of 5571 within + 
2 parts in 10°, for use 
as secondary frequency 
and time standard 
Price, $495.00 


Model 1452 Digital Re- 
corder automatically 
prints readings on stand- 
dard adding machine 
tape. Price, (6-digit), 
$850.00 


Note: All prices f.o.b. factory, sub- 
ject to change without notice 





FLEXIBILITY... 


here's the one frequency meter that won't be out-dated as 
your requirements grow or change. By adding matched 
accessory units, you can extend its range to 515 mc, add 
a WWYV receiver for calibration within + 2 parts in 10°, 
or a digital recorder to print measured frequency automati- 
cally on standard adding machine tape. 


Typical automatic frequency measurement 

and logging system showing (top to bottom) Vv E S ATI L | T _ ee 
Model og | Frequency 7 by — 
Reference Generator with Mode lug- ° P > 
in, Model 5585 Selective Amplifier, Model functions as a frequency ratio meter, 0-1 mc period meter, 


eee es le ee ae 1 psec to 10,000,000 sec time interval meter, or 0-2 mc 
EPUT* meter as well as a 0-42 mc frequency meter. 
*Trademork 























Why not get the facts? Write now 


dor wane Sactetiepaeaianactiane Berkeley 


uring Equipment bulletin; please 
address Dept. L-5. 
BECKMAN INSTRUMENTS INC. 


Phone: LAndscape 6-7730 * Richmond 3, California 


MAY 1957 





performance test 


Brush Recording Systems at Rocketdyne, 

a Division of North American Aviation, Inc., 
directly record stress, acceleration, and 
acoustic values of rocket engines under test 


In all types of applications... 


45,000 CHANNELS OF BRUSH 
OSCILLOGRAPHS IN SERVICE! 


When selecting recording instrumentation for either military or industrial 
research and development, you want equipment that is proved by experience. 
Remember—there are more channels of Brush direct-writing oscillographs 
in use than all other makes combined. 

This equipment offers the widest range of recording speeds available, 
to provide excellent readability for a wide range of signals. You have a 
choice of ink writing or electric writing, available in console, rack mounted 
or portable units. 


The direct-writing frequency range, from d.c. to 100 cycles per second, 
covers the great majority of requirements for measurement of physical 
phenomena. Thus you can instantaneously record stress, strain, vibration, 
torque, force, and many electrical variables. Select BRUSH for equipment 
backed by unmatched experience. 


complete frequency 
spectrum analysis 
for noise tests 


With a Brush-Bruel & Kjaer Spec- 
trum Recorder, a complete frequency 
spectrum analysis can be performed 
in a matter of seconds. This instru- 
mentation operates automatically— 
thus saves hours of engineering time. 
And it presents recorded data in one- 
third octave steps—a form in which 
information is most meaningful and 
useful to noise reduction programs 


Shown at left is an aircraft test 
setup measuring loss in acoustic trans 
mission through fuselage wall panels 
This is one of scores of complete sys- 
tems for sound, noise, or vibration 
analysis using Brush-Bruel & Kjaer 
equipment. 
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BRUSH ELECTRONICS 


3405 Perkins Avenue, Cleveland 14, Ohio 


Official photograph U.S. Navy 


Over 100 Brush units at the Naval Air Missile Test Station 
at Pt. Mugu directly record data telemetered from missiles 
such as the Regulus I. Instruments record an almost 
limitless variety of functions and conditions, including 
pitch, yaw, acceleration, pressure, strains, etc 


For complete information contact your 
Brush representative or write Dept. N-l 








BRUSH) COMPANY 


Division OF 


CLEVITE 


CORPORATION 











MODEL DS-3 


15. 
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FEEDBACK PRESENTS 


new DATA SWITCH 


FOR TWO-SPEED 
SYNCHRO SWITCHING 


- This tiny potted non-linear net- 4 


work switches fine and coarse 

synchro signals by blocking 
* coarse signals for small errors 

and overriding fine signals for 

large errors. Feedback’s Model 
% DS-3 replaces relays and gas 
4 tubes previously used. is 
& designed for all common syn- 
* chro ratios, sensitivities, and 
line frequencies. 


SPECIFICATIONS 


FINE - COARSE RATIO 
® For 1 volt/degree synchros — all 
ratios to 72:1 max. 
® For 2 volt/degree synchros —all 
ratios to 36:1 max. 
LINE FREQUENCY 
50 to 400 CPS 
TEMPERATURE RANGE 
—65 to +125 Centigrade 


price $19.95 


FEEDBACK CONTROLS, INC. 


Dept. CE, . 
899 Main Street 
Waltham 54, Mass. 


Please send Product Bulletin DS-3 giv- 
ing complete specifications and appli- 
cation data on Feedback’s Synchro 
Data Switch. 

Name 
Title 
& Company 


f Address 
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SHOPTALK 


Steel steals a march 


On Sept. 20, 1954, Gordon S. Brown told the Seventh 
International Convention of the United Steel Workers, 
“Steel has become an industry wherein I would not think 
it facetious : ~ workmen wore tuxedos on the job” (CtE, 
Nov. 1954, 17). If dress really is the criterion of the 


status of rey then the past 24 years should have seen a 


transition from tuxedos to white tie and tails. Programmed 
mill setup, precise gage control, optimized furnace oper- 
ation, studjes of process dynamics, and rumors of com- 
pletely integrated systems indicate that control is taking 
steel by storm. To see for themselves, CtE editors visited 
several control makers and industry user engineers. We 
were impressed by what we saw and heard, and think you 
will be also when you read about it on page 22. 


Staffing up 


In 1948 numerical control of machine tools was like a 
gleam in a father’s eye. But even then Harry Winston 
Mergler saw a need for these techniques in producing 
prototype gas-turbine blades at the NACA Lewis Flight 
Propulsion Lab., and so organized the Automatic Mz achine 
Tool Control Section, of which he was head till he joined 
the Mechanical Engineering Dept. staff at Case Institute 
a short while ago. As of this month, Harry joins the CtE 
Board of C onsulting Editors to keep us on the beam in 
the important area of the recorded-information control of 
industrial processes. Unique in his field, Harry received 
5 PhD in digital methods and numerical control from 

Case last year; he holds several control patents, teaches one 

of the first formal courses in machine tool control, and con- 
sults for several major manufacturers of 
machine tools and process equipment. 
Harry’s arrival balances the Board of Con- 
sulting Editors like we try to balance the 
editorial content of an issue. He and his 
cohorts (Gordon, Gene, and Jack) make 
sure we don’t miss any bets in our major 
fields of interest. 


Art looks out for you 


A belated welcome to Art DeWeerdt, 
who fills the newly created post of Circu- 
lation Manager. Art says that he will 

“personally look after the interests of CtE 
subscribers”. To do this he’ll try to im- 
prove delivery of CtE, speed up the entry 
of new and renewal orders, and seck out 
new readers who should subscribe. 








THE MIDWESTERN, |\591,/) RECORDING 
OSCILLOGRAPH 


For test recording where dependability and 
accuracy count most... the 591 is being 
utilized successfully in laboratories, at missile 
down-range stations and in high performance 
aircraft. It includes these outstanding features 
—electronic timing which permits multi- 
plexing of two or more units and the use of 
external pulse source to produce timing lines 
immediately interchangeable plug-in ac or dc 
power supply units—dual filament galva- 
nometer lamps, and many others. For 
additional information on this field-proven 


instrument, call, wire or write our Tulsa offices. 


=o: 8.8 £2 2.8.0 


INSTRUMENT S$ 
41ST AND SHERIDAN / TULSA, OKLAHOMA 








Miniature Pressure 
Transducers 
for operation to 


Temperature compensated 
over 465°F. interval 


0.01% /°F, thermal! coefficient of 
sensitivity from —65° to +-400°F. 


0.01% fs/°F. thermal zero shift 
from —65° to +-400°F. 


No cement or resin pressure seals 





ing diaphragm 
surface 


Statham unbonded strain gage 
transduction 


Minimum response to vibration 
or acceleration 


Pressure adapters for closed 
line applications 


Absolute Pressure Transducers 
0-5 to 0-500 psia — Model PA260TC 


Gage Pressure Transducers 
0-5 to 0-500 psig — Model PG260TC 


to 0-500 psid-- Model PL260TC 


Differential Pressure Transducers 
0-5 
+2.5 to +25 psid— Model PM260TC 


When the transducer is a 
Statham, pressure 
measurements at elevated 
temperature are made with 
accuracy and confidence. 


Complete specifications available upon request. 


Please wire or telephone us collect 
whenever we may be of service. 


LABORATORIES 
12401 W. Olympic Bivd., Los Angeles 64, Calif. 
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FEEDBACK 


PROBLEM FORUM 


Here are two opportunities for readers working on 
program-controlled machines to practice their know- 
how. Submit your solutions to both problems—one, the 
tape-control of a sewing machine, and the other, a card- 
reader and an electric head for a drill press. What 
machines would you recommend? How would you pro- 
gram them? Be specific. We will pay for the best solu- 


tions offered. 


Don’t forget to submit unique measurement and 
control problems which you have. Try our readers on 
them. One of our over-30,000 may have the answer 
to your problem, just as you may have the answer to 


Mr. Mason’s problems. 


To tHe Eprror- 

There are two sides to our business 
—machine tools and high-grade cloth- 
ing. Your magazine keeps us in touch 
with the latest developments in the 
automatic control of machine tools. 
But why is the sewing machine not 
automated? 


First Problem 


We are very anxious to develop a 
tape-controlled sewing machine. ‘Two 
dimensional control would do for a 
machine with a rotary table and a head 
which sews both forward and _ back. 
Could we program the sewing of well- 
pockets (i.e., the outside breast pockets 
of jackets and waistcoat pockets) and 
jetted pockets? You recently pub 


Putting the record straight 


To THE Epiror— 

The table on page 116 of your April 
issue (analog-to-digital converters) on 
shaft-position encoders misrepresents 
the encoders produced by the DATEX 
Div. of Giannini. The article indicates 
DATEX has only one model encoder, 
whereas we actually can supply many 
models. In addition, the facts pertain- 
ing to the model that is listed are mis 
stated as follows: 

1. The sampling rate is given as a 
maximum of two per second. Actu- 
ally the sampling rate of our encoders 
is limited only by the readout device. 
Reading rates of up to 10,000 per sec- 
ond are possible using appropriate 
circuits. 

2. The second misstatement is that 
the encoder “shaft must be stopped 
for readout”. Our devices were among 
the first on the market that could be 
read “‘on the fly”. 

We feel that sufficient damage has 
been sustained by us from the original 
article that we would like to supply 


lished an article which indicates that 
what we want is getting nearer: “N\ 
lon Stockings Tape-Programmed to 
the Wearer’, Charles Fegley, pag« 
114, June 1956 issue. What specific 
suggestions and plans can your other 
readers give us? 


Second Problem 

On page 103 of the December 195¢ 
issue you published an article entitled 
“Digital Machine-Tool Control Sim 
plified”, T. J. Thomas. Where can | 
purchase a laboratory-tvpe card-readet 
as shown in the article? Would the 
same system work for an electric drill 
head instead of a pneumatic one? 
A. C. Mason 
Sutton-Coldfield 
Warwickshire, England 


you with factual information 
ing our devices. This might be accom 
plished in the form of another letter 
from me to your magazin 

John W. Bodnar 

Sales Manager 

DATEX Di 

G. M. Giannini ¢F Co., Inc 

Sorry for our slip. We'll be glad to 

publish the correct information in our 
Feedback section as soon as you fur- 
nish it to us. Ed. 


mcem 


Student hunts job and vice versa 


lo THE Eprror 
Can you advise me as to how I may 
obtain names and des< riptions of out 
standing companies 1n the control en 
gineering field so that I may be in a 
better position to evaluate the compa 
nies for a job. 
Marvin Robinson 
Tarrytown, N. Y 


Look through issues of CONTROL 
ENGINEERING. In the Classified 





Controlling the tornado of intake air consumed by 
supersonic jets is the latest assignment of Giannini's 
High Resolution Pressure Transducer. This versatile 
instrument plays a key role in maintaining optimum 
efficiency of today’s newest and most advanced high 
performance turbojet engines. 


Two of these transducers form the heart of the Giannini 
designed and produced Variable Inlet Control System 
which limits diffuser air to a steady subsonic flow at 
all speeds and altitudes. Static and total air pressures 
in the diffuser throat are sensed by absolute and differ- 
ential versions of the transducer, and this data is 
transmitted to a computing element. The ratio of pres- 
sures is compared to a stable reference, and error 
signals are fed back to position a variable obstruction, 
or ramp, in the inlet duct. 


By using these unique pressure instruments as sensing ele- 
ments in the Giannini system, several distinct advan- 
tages result: the transducers can be located near the 
pressure probes, minimizing pneumatic tubing length; 
no stable amplifier is required since the high level 
output of the transducer potentiometer pickoffs can 
be used directly; no repeater servo is required; the 
system is flexible, control pressure ratio being altered 
merely by adjusting the reference; the computer can 
be located remote from the transducers. 


This Pressure 
i histatsrelblecs) um ralanters 
a Turbojet 


re)uataecem: 


The Giannini Variable Inlet Control System is typical 


of applications to which this instrument can be put. 


Capabilities of 350 volt output, 2000 wire resolution, 
0.8% linearity, repeatability to 1% of reading, and its 
rugged insensibility to vibration and shock make it 
ideal for use in the most critical airborne controls and 
systems...In case you're not interested in taming a 
tornado — perhaps it’s only a mild breeze — Giannini 
High Resolution Pressure Transducers are admirably 
suited for telemetering and control applications requir- 
ing the ultimate in accuracy and sensitivity. 


™e 


Giannini Variable Inlet 


Control System 


Write for 
Bulletin 451212. 


PRECISION 
INSTRUMENTS 
& CONTROLS 
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BARBER 
COLMAN 


sensitive 
relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE . 


(No. 5ina s by Barber-Colman Company) 


The circuit drawing below indicates 
just one of the hundreds of ways 
many manufacturers are utilizing 
3arber-Colm: Micr sitione 
sarber-Colman Micropositioner 
ultra-sensitive relays to solve com- 
plex control problems. Could this 
be the answer to some of yours, too? 





b-Cc 
SUPPLY 





+ |speep 
SELECTOR] acy, 











SPEED CONTROL WITH 
TRANSISTORIZED MICROPOSITIONER 


The MYZA transistorized dine 
relay used in the circuit above is an 
adaptation of a standard Barber- 
Colman Micropositioner, but with a 
built-in preamplifier so that it re- 
quires greatly reduced input power 
to operate the contacts. 


Thus, close speed regulation is pos- 
sible using this relay to detect the 
difference between the “control” 
voltage supplied from an adjustable 
resistor and the output of a small 
d-c generator (Barber-Colman per- 
manent-magnet type) coupled to the 
rotating member, such as a lathe 
spindle. 


If the generator (variable) voltage 
is equal to the fixed (control) volt- 
age, both coils of the relay are en- 
ergized equally, and neither contact 
will be closed. A change in input 
from either direction will cause the 
relay to close a contact, actuating an 
alarm system, or causing the mech- 
anism to increase or decrease speed, 
depending on the polarity of the 
signal. 


MYZA relays are designed to order 
to meet each application's circuit 
requirements. Write 

for technical bulle 

tin F-7754-2 


BARBER-COLMAN 5 
MICROPOSITIONER (i 
POLARIZED DC RELAYS 


plug-in, solder- 
lug, screw terminal, hermetically 
sealed. Operate on input powers of 
40 to 1,000 microwatts for use in 
photoelectric circuits, resistance 
bridge circuits, and electronic plate 
circuits. Send for data. 


Various types . 


BARBER-COLMAN COMPANY 
Dept. Q, 1848 Rock Street, Rockford, Illinois 
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Advertising section you will find many 
job openings advertised by outstanding 
companies in the field served by this 
magazine. At the same time, you will 
find it worthwhile to look at our In- 
dustry’s Pulse in the September 1956 
issue. It contains a representative list- 
ing of companies in our field, and 
these are companies that do control- 
systems-engineering work. 

Send in a complete description of 
your experience and qualifications. 
Prominent companies in our field con- 
tinually ask us for help in locating 
competent new employees. We will 
be glad to go over your resume and 
discuss it with department heads of 
appropriate companies. Ed. 


The Greeks had symbols; do we? 


l'o tHE Eprror 

The Publications Departments of 
our various Collins plants have been 
engaging in a Publications Standards 
Program in which we set forth stand- 
ards of writing and standards of tech- 
nical illustrating, as well as many other 
phases of standards on_ instruction 
books, technical reports, etc. 

[ am on the ‘“Servomechanism 
Symbols” Committee and am seeking 
a basis from which such symbols have 
arrived. I doubt that the term “Servo- 
mechanism Symbols” is appropriate, 
but we do not have a better one. We 
have not found much in IRE Stand- 
ards or JAN-STD-15, and since we 
noticed that your magazine CONTROL 
ENGINEERING has made wide use of 
such symbols we thought that you 
might be in a position to help us. 

Can you quote the authority for 
such symbols? Do you have any guide 
books that contain such information? 
Any help you can give us along these 
lines will ‘certainly be appreciated. 

Henry Heusinkveld 
Collins Radio Co. 
Cedar Rapids, Ia. 

Mr. Heusinkveld’s yelp for help 
arrived via our art director, Jack 
Gordon, who asked us to apply first 
aid. ‘The problem is that Mr. Heusink- 
veld is using, according to the sample 
submitted with this letter, a mixture 
of a block diagram and a functional 
schematic. Why shouldn’t he, if the 
inixture conveys what his designer has 
in mind? We do not suggest that his 
designer unscramble the mixture. In- 
stead, we urge him to: 

1. Check whether his symbology 
follows that given in the American 
Standard Association’s “Graphical 
Symbols for Electrical Diagrams”, 
ASA Y32.2-1954. This standard was 


co-sponsored by AIEE and ASME and 
apgeves in 1954. 

. Find out what was said at the 
Industrial Educational Institute’s Spe- 
cial General Electric Seminar on 
Simplified Drafting Practices, held 
last month at the Hotel Sheraton- 
Astor, New York. Address of the insti- 
tute is: 25 Huntington Ave., Boston 
16, Mass. 

Between the two he should get 
answers to his simpler questions and 
should be better able to formulate the 
tougher ones. Ed. 


Plans controlled pass-along 


To THE Eprror— 

We are attempting to expedite the 
handling of periodicals which are re 
ceived by our Research Library. We 
wish to circulate the tables of con- 
tents of selected periodicals rather 
than the magazines themselves. 

Please advise me if you are able to 
send us one copy of the tear-sheets of 
the table of contents for your publica 
tion at the time of publication of each 
issue. This would allow us to make 
new information available to the engi- 
neers and chemists in the laboratory 
much earlier than at present. 

F. E. McKenna 
Air Reduction Co. 
Murray Hill, N. J. 

Glad to be of service, particularly 
when it means CONTROL ENGI- 
NEERING will reach a greater num- 
ber of qualified readers. Our Reader 
Service Dept. will send you, monthly, 
our two-page contents leaf. Its brief 
description of the contents of each 
article and department should help 
your engineering personnel select the 
articles specifically interesting to them. 
Compile their selections and write 
Mrs. Florence Baxley, manager of our 
Reader Service, for quotes on the re- 
prints of articles which you need. Ed. 


Still more on Shepard article 


To THE Epiror- 

Reading my February copy of Con 
rROL ENGINEERING, | stumbled across 
H. Havlicek Jr.’s letter [page 16—Ed. 
which commented on the article of 
E. S. Shepard Sr. in the August *56 
issue. [“Simple Wide-Band Imped- 
ance Measurements”, pages 104 and 
105, tells how to use the three-volt- 
meter method graphically to deter- 
mine the effects of loading, resonance, 
reflection, etc., on the frequency re- 
sponse of transducers and other system 
elements whose circuits have signifi- 
cant electrical impedance. Ed.| Of 





course, the first thing I did was to pull 
the August 56 copy and read the arti- 


cle. Both the article and the letter 
show the method as used in the labor- ma 
atory. There its accuracy is not only BARBER 
limited by the inherently inaccurate COLMAN 
meter but also by the mathematical 
approximations in Havylicek’s approach Moto rs 
and by drafting accuracy in Shep 
ard’s. 
My problem is different. With nine 
esalaeas I have to do the work of €ondensed catalog helps select exact motor needed 
18, instructing semi-skilled production , : 
test personnel to make complex meas- Get this helpful catalog of Barber- Colman 
urements to a previously unheard of 
accuracy. We can leave no interpre 
tation to the testers. In determining 
the complex parameters of, for in lity eye t 
stance, iron-core devices, it is, more ber. pega OD 088 
often than not, impossible to correlate ing torque, low-inertia on egie 
test results obtained under arbitrary provide quick, positive starting un- 
laboratory conditions with actual be der adverse conditions. Various models 
havior in the circuit for which they of the four types shown below 
were designed. This rules out a large 
number of commercial equipment 
such as bridges and impedance testers 
because many of them operate at fixed REVERSIBLE MOTORS 
voltages and frequencies. They are ; oe 
variable within only narrow ranges and atti 
often the variation complicates inter- : poe 2 ey ee 
i ‘ circuits to meet many different 
pretation of their indications. Cer- : requirements demanding a compact 
tainly no instruments available have 
sufficient adaptability to simulate ac- , ey S00 Ser SVC, 
tual “circuit conditions’’. ee eee ee ee 
. : devices, voltage regulators, pen 
However, if used right, the three drives. Available with gear trains, 
voltmeter method is not only inher- 
ently accurate, but measurements of 
the impedances can be arranged so ee 
. me these motors ideai for many elec- 
that they are not tedious, time-con- tronic control circuits 
suming, or complicated. Here is my 
derivation and technique. 
Refer to Mr. Shepard’s Figure 1. 
The voltage-vector diagram for the 
basic test circuit shown is: 





a-c shaded pole motors. Designed 
for applications requiring long 
life, rugged construction, these 


and powerful fast-reversing motor 


open or enclosed, in wide range of 
ratios. Low-inertia rotors permitting 


UNIDIRECTIONAL SYNCHRONOUS GEARED 





For driving pumps, projec- For chart drives, timers, for vending and office 
tors, blowers ond fans for microfilm cameras, oscil- machines, rotisseries, TV 
refrigerators, gear trains lographs, and similar ap- tuners, program switches, 

4 for vending and office plications Model shown for over- 
Note that the impedance diagram is machines, etc. ging loads 
analogous to the voltage vector dia- 
gram. Divide all voltage vectors by . . . 
E,/R, to obtain impedance vectors the complete line of Barber-Colman motors includes uni- 


According to the law of cosines, the directional, synchronous, and reversible motors — up to 1/20 
relationship which describes the volt- 
ige vector diagram is 


hp. With and without reduction gearing — open or enclosed 
types. Expert engineering service available to help you get the 

; ao cca = — — . exact motor for your application. Write today for your free 

[his derivation is slightly simpler than wean ial dca: hall F-4 >71-7 

Havlicek’s. Given the three voltages, So 7 ; 

E,, Ex, and E,, the value of R,, and ANY 

the test frequency, one can manipu- B .( ( PP 

late the equation to find Z, X, L, and A R B 3 R O LM A N O M 

R,. from them. Because the neces Dept.Q, 1248 Rock Street, Rockford, Illinois. 


sary mathematical manipulations are 


. . Small Motors Automatic Controls.!ndustrial Instruments eAircraft Contr eAir Distribution Products 
unwieldy for production test person- 


Overdoors and Operators « Molded Products « Metal Cutting Tools « Mact Tools « Textile Machinery 
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Com puDyne Control 


... increases data output and validity 


CompuDyne Control Systems establish the constants necessary for 
valid aeronautical test work . . . regulate the most severe process tran- 
sients. Employing computor-dynamic techniques, they attain steady- 
state conditions . . . step, ramp or otherwise program variables . . . at 
higher speeds, with greater accuracy than ever before possible. 

Time saved in attaining test conditions is a vital factor in data output. 
Accuracy is essential for data validity. 

Prior to manufacture, CompuDyne Control Systems are pre-tested by 
means of analog computor studies. You know exactly what performance 
to expect. CompuDyne Control Systems are designed, built and installed 
within your facility . .. from conception to operation .. . on a guaranteed 
performance basis. 

INFORMATIVE NEW BULLETIN entitled, “VALID DATA... 
economically produced by dynamic process control” will be sent to 
you upon request. Write or telephone. 


For Test Facilities . . . Typical CompuDyne Control Systems 
I unr 


Representatives in major cities 


cde control services, inc. 
402 SOUTH WARMINSTER ROAD e¢ HATBORO, PA. 
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nel, make E, = E, Equation ] 
then simplifies to 


E,/Ez=2(1—cos 6)''2=2(1+cos @ 

Z = R, if R, is adjusted so that the 
voltage drop across it is the same as 
that across Z. Since the ratio 


1+cos 6’ _ 
Er Ez =2(1+cos@’)!” 2 ) 


or 2 cos 6’/2, 


its numerical value is between 2 and 
2% for & between 0) and 90 deg 
Iherefore the test boils down to meas 
uring the voltages across resistance 
and impedance, and adusting the re 
sistance for equal voltage drop across 
it and the impedance, then measuring 
the total voltage and looking up in a 
trigonometrical table ratio F,/2E,. 
These are the rudiments of my an 

swer to both the article and the letter 
However, I have gone further by de 
signing a graph which directly reads 
0, cos &, and sin & for every ratio. 
And I have developed a simple in 
strument, and techniques for using it, 
which exclude the meter inaccura 
and which give answers correct to 
within 1 percent. ‘They are accepted 
by vendors supplying my employer, 
Hughes Aircraft Co., with iron core 
devices. 

Gene ]. Hegedus 

Hughes Aircraft Co., 

E1] Segundo, Calif 


Feedbacker Hegedus has offered a 
description of his method, including 
his graph and details of his instru- 
ment. We will publish it soon. Ed. 


Educator seeks source of cquipment 


To THE Epiror 

I am in charge of a servomechanism 
course at the Engineering School of 
the Brazilian Army and have been tr 
ing to set up a servo lab in the EE 
Dept. of this school. 

We are, nowadays, in great need 
of a pen recorder and a low-frequency 
sine-wave generator to run routine 
servo experiments. I would appreciate 
it if either you get in touch with 
manufacturers of these equipment to 
have them send me data and prices, 
or just mail me their addresses so ] 
can write directly to them 

Haroldo C. de Mattos 
Escola Technica do Exercito 
Urca, Rio de Janeiro, Brazil 


We have circulated your letter to a 
number of manufacturers. While 
waiting for their quotations, take a 
look at the advertising in our maga- 
zine. You'll find several manufacturers 
who offer just what you need. Ed. 





at last 


a completely 
new kind 
of regulator! 


ACTUALLY THREE REGULATORS IN 
ONE—PLUS MULTIPLE SENSING! 


The APR 1010 combines many new regulation and sens- 
ing systems in one versatile package. Here’s flexibility of 
operation never before possible . . . saves space, elimi- 
nates instrument duplication, means greater economy in 
engineering operations. 


e RMS VOLTAGE REGULATION 

e AVERAGE REGULATION 

e PEAK REGULATION 

e FIVE PRINCIPAL SENSING ARRANGEMENTS 
1. INTERNAL 2. EXTERNAL 3. REMOTE 4. CONSTANT CURRENT 5. DC 
ELECTRICAL CHARACTERISTICS: 


Input 95-130 VAC, 19 (50 or 60 cps + 10%) 
Output 115 VAC, adj. 110-120V 
Regulation +0.1% against line 


accuracy +0.1% against load 
(RMS, average, 


or peak, switch 
selected) 
Distortion 3% max. 
Load 0-1000VA 
P.F.range Unity to 0.7 lagging 
Recovery time 0.1 sec. 











Write for complete technical data. 











SORENSEN &2 COMPANY, INC. : . STAMFORD - CONN. 


® 


In Europe, contact Sorensen-Ardag, Eichstrasse 29, Zurich, Switzerland, for all products including 50 cycle, 220 volt equipment. 
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The Foxboro M/58 Consotrol Controller 
(shown full size, without cover). Can be panel-mounted 
on Consotro!l Control Station, or field-mounted. 


CONSOTROL 


THE FOXBORO y 


The M/58 Controller’s Revolutionary 
Floating Disc System 

Here’s the exclusive Foxboro design development that gives 
M/58 Control its unique versatility, precision, and stability. 
The floating disc and matched bellows assure uniformly high 
controller sensitivity and pin-point control action, even at 
widest settings of the proportional band. Lever-set propor- 
tional band adjustment is calibrated to 500%. 


Component Construction 

Gives Unrivaled Versatility 
Not only is the complete controller easily detachable as a 
unit, but also, each component is a “plug-in” unit. For 
example, reset plugs in at right as shown; derivative, 
similarly, at left. All 4 control actions, with 2 reset ranges, 
are available and easily adjustable to widest variations in 
operating conditions. Proportional action from 1 to 500% 
quickly set by lever. 











Outperforms — 
all 
controllers | 








eRe ta he at ACS 


,..the controller with the FLOATING DISC | 











If you think this claim is exaggerated, just put a 
Foxboro M/58 Consotrol* Controller on your process. 
The tougher the job, the more it will outperform other 
controllers! Or ask any present user... many of the 
largest, most progressive petroleum and chemical 
processors are using hundreds of these instruments. 
They will unhesitatingly confirm that this exclusive 
Foxoboro development has put their processes “on 
stream”, automatically and smoothly from the control 


room, without false starts or confusion. 
The M/S8 Controller can do the same for your 
process. The flexibility of its control functions makes 


*Reg. U.S. Pat. Off. 


mY 


it readily adaptable to all processing techniques. All 
four actions are available, with two ranges of reset 
... all are easily adjustable to the most widely vary- 
ing operating conditions. For example, reset and 
derivative functions plug in . . . proportional action 
from 1 to 500% can be quickly set by a lever. And 
calibration is a simple zero adjustment! 

Get full details on this simple, truly “universal” 
Controller. Write for Bulletin 13-19 and ask your 
Foxboro Sales Engineer for a demonstration. The 
Foxboro Company, 365 Neponset Ave., Foxboro, 
Mass., U.S.A. 


OX. B OR CONSOTROL INSTRUMENTS 











MICRO SWITCH vss’ 
PRECISION SWITCHING 


Consider these 
Important Features 


No Mechanical Linkages: 

Requires no physical contact with work- 
piece. 

No Moving Parts: 

Has no electrical contacts or moving parts. 
Wearout Proof: 

Uses no vacuum tubes or other components 
of limited life. 

Conventional Installation: 

Requires no shielded leads, and can be ener- 
gized from 115 volts 60 cycle power. 





Resistant to Environment: 
(a) not activated by ferrous chips; (b) potted 


= ™ to permit operation in high humidity, cor- 
| ‘alt= =. rosive atmosphere, or presence of cutting 
. oils; (c) protected by heavy steel housing. 
} { Fast Response: 
‘@) n VAY A=1 | Will operate up to 10 times per second. 
Sensitive: 


Proxi Mm ity Switc a Can be actuated by a ferromagnetic surface 


that is only 4 in. square and 1 in. long. 
Smaller pieces with special application pre- 
cautions will also operate this device. 


Applications: 


N O M O R E DOWN Ti M E | |) Materials Handling Control— For program- 


ming the operation of transfer machines in 
automation equipment. 


No Moving Parts... No Tubes... Unlimited Life... Limit Switch on Automatic 
High Speed, Operation—10 Times per Second agg: Paes 


For maximum reliability where the wear on 
mechanical limit switches would necessitate 
The Honeywell Proximity Switch chips, and because it employs no + costly shutdown. Can operate in presence of 
P i ° e me : ° op s Mee" cutting oils, liquid sprays or corrosive at- 
is a magnetic switching device that moving parts, its life is unlimited; mosphere where conventional electrical con- 
employs no moving parts...It thus, work stoppage and conse- tacts would fail. 

detects ferrous objects without quent costly down time is elimi- ACTIVATING ENGINE 
physical contact ...The sensing nated... Industry will find many | BLOCK TRANSFER LINE 
head sets up an electric signal uses for this new switch... Con- 

which flows through the magnetic veyors will be kept in operation; 

circuitry and operates a remotely- counting and similar applica- 

located control relay . . . It will tions will be done more reliably; 

operate as many as 600 times a_ machine tools will operate more 

minute, is unaffected by ferrous dependably. saint lias PeoxuTy 


Request Data Sheet No. 119. 





SPECIFICATIONS: 
4NPT x 2 63+3 >! | Excitation—100-125 v, 60 cps, 2 watts 
FEMALE COUPLING Sf DRILL — 4 HOLES ~ GA. 1.054) (nominal). 








Output—(a) switch ‘‘on’—12 vde mini- 
mum; (b) switch “off’’—4 vde maximum 
into 250 ohm load. 


- « 
——— 4 13 j Sensitivity— When a block of ferromag- 
y i pF ; netic material is moved parallel to and with- 
a , in % in. of its pole face, the Proximity Switch 

| will operate the control relay. 

©—-© _ 44 | | Repeatability— When a block of ferromag- 
HOLDING” tr oe APPROX. ———i 3 }—r netic material is moved to within '% in. of its 
CLAMP | }~+——1 ;—+| 1} —oPTIONAL APPROX.->} % pole face, the Proximity Switch will repeat 
—s ! its pick-up and drop-out point within 3/32 in. 
Differential— When a block of ferromag- 
netic material is moved parallel to and with- 


> S 
NOTE: HOLDING CLAMP IS A SEPARATE PIECE TO PERMIT in % in. of its pole face, the Proximity Switch 
will have a differentia! distance between 
pick-up and drop-out of less than 7/32 in. 


‘i 
























































62 MAX 





=>\ TO RELAY (BLUE) 


oy 
==} TO 115V 60 (RED) AXIAL ADJUSTMENT AND QUARTERLY ROTATION OF THE PROX 
IMITY SWITCH TO BEST SUIT APPLICATION REQUIREMENTS 


Any MICRO SWITCH field engineer will be M j C a a 8 W [ T CH L 
glad to work with you regarding the wide applications 


for this new Proximity Switch. A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY | 


in Canada, Leaside, Toronto !7, Ontario « FREEPORT, ILLINOIS \— Hi 
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A CONTROL PERSONALITY 


| SID DAVIS translates the complex 


To many engineers, the damping of a servomotor 
recalls a torque-speed curve. But to Sid Davis, servo- 
damping is trying to run a servomotor in molasses. 
Davis tries to visualize what happens in a system in 
physical terms rather than theoretical. His most con- 
spicuous talent: making a complex problem easily 
understandable, by putting highly theoretical con- 
cepts into down-to-earth language. 

Since his graduation from The Cooper Union with 
1 BEE 12 years ago, Davis has been finding his knack 
for crystalizing a problem a more potent design tool 
than theory. His maxim, “Use theory to check, not 
to design”, cuts weeks off development schedules, 
helps produce answers in hardware in record time. 

In his career as an engineer, Sid has shied away 
from formal theory. He’s never taken a course in 
servo components or systems, although he has taught 
both at Brooklyn Poly’s graduate school since 1947. 
His professional career started like thousands of 
others—as a test engineer. He left the test floor of 
Bendix Aviation to try his hand at design as a junior 
engineer at Liquidometer, studying nonlinear tech- 
niques for measuring liquid levels. In 1947, Davis 
joined Arma Corp. as a design engineer. For five 
years he used his unique talents to design and develop 
servo components; for two years he worked on sys- 
tems. Then, as chief development engineer at Servo- 
mechanisms, Inc., Sid concentrated on application 
engineering and the design of rotating components. 

A propensity for adding hours to his working day 
propelled Sid into the consulting field. One day in 
1951, he noticed a tiny newspaper ad, almost lost 
on the financial page of The New York Times. The 
ad sought an engineer for part-time consulting on 
motor design. After receiving an okay from his 
Arma supervisors, Davis applied and got the job, 
which called for designing a new servomotor. His 
simplified design—produced in short order on Satur- 
days only—helped win a production contract. And 
Davis had the consulting bug for good. 

Still another facet of Sid’s career also started in 
1951. That was the year he started writing technical 
articles. His innate ability to take a theoretical con- 
dition and express it in simple terms with a minimum 
of mathematical complication soon made Davis one 
of the most sought-after technical writers in the 
servo field, but the technical articles just whetted 
Sid’s appetite to write. His next accomplishment 
was coauthorship (with Conrrot ENGINEERING’s By 
Ledgerwood) of a 125-page section on motors, 
clutches, tachometers and mechanical hardware for 
the Servomechanisms and Feedback Control Systems 
Handbook, soon to be published by McGraw-Hill. 
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And now he’s completing a McGraw-Hill text on 
rotary components (also with By Ledgerwood). 

In his consulting and writing, Sid specializes first 
in rotating components, then in the design and con 
struction of small feedback systems—primarily for 
test purposes. Davis’ technique in making the com- 
plex understandable is rooted in a stubborn belief 
that a control engineer has got to know how his 
system works. He puts it this way: “You've got to 
have a feeling for the things that are happening and 
how they interact.” That’s why he carries thousands 
of vivid impressions around in his he: 1d—impressions 
like the servomotor in molasses. 

Sid likes to think that he leaves his technical inter- 
ests outside his Long Island home when he crosses 
the threshold. But wife Barbara will tell you that 
practically every social call or visit by friends turns 
into an engineering seminar with Sid vociferously 
arguing for physical approaches rather than mathe- 
matical equations. The only time Sid stops thinking 
in a technical vein is when something mechanic al 
breaks down in the house. By his own admission, 
he is New York’s worst home handyman, preferring 
to put domestic energies into gardening and playing 
with his two sons (Ken, 4, and Peter, 2,) rather than 
into home repairs or do-it-yourself projects. 





Here is CONTROL! 


May 1. Important news to engi- 
neers concerned with industria! 
control is announcement of 
standardized high permeability 
magnetic control devices now 
available from “Control,” a di- 
vision of Magnetics, Inc., Butler, 
Pennsylvania. 

“Control’s” first products are 
standard lines of saturable re- 
actors. Twenty-two catalogued 
reactor assemblies will be 
stocked and are ready for rapid 
delivery. 

Establishment of ‘Control’ is 
a major step forward in per- 
mitting engineers to take full 
advantage of long life and 
ruggedness features of high 
permeability magnetic devices. 
It takes these units from the 
custom-order to the mass pro- 





duction stage with important 
benefits in engineering conven- 
ience and dependability. 

In recent years, high perme- 
ability magnetic devices have 
made real inroads in the indus- 
trial control field. CONTROL re- 
actor assemblies may be used 
for such diversified applications 
as motor control, voltage regu- 
lation, automatic battery charg- 
ing, arc welding control and 
power amplification of the mi- 
nute outputs from many types 
of transducers. 

Engineering sales represent- 
atives are located in many key 
areas in the United States. Ad- 
vertising appears in leading 
trade publications in May, based 
on the theme “Reliability Begins 
With CONTROL.” 
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standardized saturable reactors 





If you're a design engineer who would be delighted with 
industrial components which are sensitive and, under 
normal operation, last virtually forever with no main 
tenance or servicing, then you'll welcome COoNTROL’s 
standard lines of saturable reactors. 


With Controv reactor assemblies and magnetic amplifiers, 
you know complete physical and operating characteristics 
a copy of our Catalog R-10 awaits your request. And, 
delivery is fast because sub-assemblies of these units are 
stocked, awaiting your control-winding specifications. 


CONTROL reactors are available for both 120- and 240-volt 
60-cycle operation. There are eleven standard sizes in each 
voltage range. They have extremely high gain. Six ampere- 
turns control nearly 2,000 watts in the largest size. Power 
outputs range from 50 to 2000 watts, with only 2 ampere- 


turns required for control of the smallest units. 


In addition to higher gain, smaller exciting current, and 
fewer ampere-turn characteristics, CONTROL reactors have 
a 40 to | cut-off ratio. They are totally enclosed so that 
the high performance toroidal cores used are protected, 
and the entire assembly has the ruggedness required 
for long life. 

ContrOL offers the same convenience of standardization 
in use of high permeability magnetic devices that you've 
enjoyed with other components. Add to this convenience 
ruggedness and freedom from maintenance which is un 
matched, and you'll welcome Controt to your design 
picture. Write for complete details and literature today. 
CONTROL, Dept. CE-36, Butler, Pennsylvania. 


Reliability begins with 


A DIVISION OF MAGNETICS, INC 


MAY 1957 








Brand new panel board control systein for blast furnace charging was just developed by Cutler- 
Hammer, Inc. and Arthur G. McKee & Co. It’s typical of the control activity in the steel field. 


The STEEL Industry 
Takes a New Look at Control 


Sophisticated controls and 
the systems-engineering con- 
cept are taking the steel in- 
dustry by storm. They may 
result in the most dramatic 
improvements in steel pro- 
duction in 50 years. 


Throughout the steel industry, en 
gineers are buzzing about one of the 
most promising technical develop- 
ments to hit the business in 50 years. 
he new concept: automatic-control 
systems for steel processes. 

Almost every steel company in the 
country has some application of so- 
phisticated control under study, un- 
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der test, or actually in operation. Here 
are just a few typical ones: 

¢ Card-programmed preset control 
on a reversing roughing mill, built by 
GE for Allegheny Ludlum Steel Co.’s 
Brackenridge, Pa. works, has been in 
operation for at least six months. 

¢Card-programmed control for a 
reversing roughing mill, built by West- 
inghouse for Jones & Laughlin’s Ali- 
quippa Works, was shipped in Febru 
ary, and should start operation later 
this month. 

e Automatic elongation controller, 
designed and built by Allegheny Lud- 
lum, has been in operation on a single 
stand mill for six months. It incorpo- 
rates a computing circuit to measure 
and contro] strain during finishing op 
erations. 

e X-ray measurement of gage feeds 
back to control screw-down on cold 
rod mill at American Steel & Wire’s 
Cleveland works. 


¢ IBM automatic production record 
ing system at American Steel & Wire, 
Cleveland Works, counts billets entet 
ing furnaces and coils of rod leaving 
the mill, and prepares punched tape 
for accounting purposes. 

Behind this activity are powerful 
economic forces that are squeezing the 
steel producing companies. One of 
these forces is the steadily increasing 
demand for steel in the face of mush- 
rooming costs of new capacity. A bet 
ter answer than new plants, the steel 
companies feel, is bigger production 
with the same basic equipment. In 
1946, steel demand in the U.S. ran 
about 4 ton for each person. Demand 
hit 3 ton for each person last year, 
and the steel industry estimates that 
demand will run at the rate of one ton 
per person by 1975—and the popula- 
tion is increasing steadily. 

Still another force is the increasing 
precision that customers are demand- 





FROM JACKS on this first steel mill pro- 
grammer built by EC&M in 1936 for a 
screw-down control on a reversing 


roughing mill . . . 


ing. In the aircraft industry, for ex- 
ample, airframe builders want tighter 
tolerances on sheet. As one production 
man explained it, a 10-percent varia 
tion on gage—not exceptional in nor- 
mal rolling—means a 10-percent weight 
variation that plane builders can’t 
tolerate on new high-speed jet aircraft. 
And he added, “We're turning out 
the best quality we can with present 
controls. It will take some sort of auto 
matic control to do any better.” 


¢ How they do it—There are three basic 


ipproaches that steel companies and 
control builders are taking: 

1. An overall systems approach to 

the steel-making process featuring 
complete process integration; this will 
result in a digital data processor in con 
tinuous contact with the variables to 
optimize steel making. 
2. A system approach applied to 
each major piece of equipment, such 
is a roughing mill, a blooming mill, a 
blast furnace, or an annealing line. 

3. Adoption of new control devices 
to steel-mill equipment on a _ piece- 
meal basis. 


GE urges process integration 


One control builder, GE, advocates 
the overall systems approach. It feels 
that it’s part of the natural evolution 
of control. The steps: add regulation 
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TO CARDS on the automatic programmed 
reversing roughing mill designed by 
GE and installed at Allegheny Ludlum 
Steel Corp. last year. 


of electrical machinery; add regulation 
of process variables; add programmer 
for automatically setting up and pro- 
gramming the process; add automatic 
recording of process parameters; and 
finally, close the loop from the output 
of the data processor to the input of 
the programmer with a computer. 
What GE likes to do is start with 
equipment near the end of the produc- 
tion line, improve the controls, and 
then work back. By studying the ma 
chine ahead, improving its controls, 
GE feels it can reduce the requirement 
for control on the machine behind. 
For example, the company feels that 
many of the problems of cold-mill con- 
trol stem from quality difficulties in 
the product from the hot mill. So it 
studies the hot mill to improve quality 
of the output. It finds that some of 
these problems stem from the heating 
furnaces that precede the hot mills, so 
then it studies these. And the study 
proceeds backward to the start. 
¢ Hunt for data—One serious deterrent 
to GE’s system integration is the 
paucity of available data on the dy- 
namics of steel-making processes. GE 
has put a team of engincers into the 
field to study steel-making operations 
with an eye to gathering data that will 
be useful in designing controls. 
'o-date, GE hasn’t completely sold 
iis integrated approach to any steel 


idvanced 
ire underway for Gl 


company. However, thes¢ 
control projects 
customers: 

¢ Program control of the screw-down 
on a blooming mill 

e A structural steel-mill control that 
uses five different card readers to 
control 23 individual positioning or 
speed-control operations. 

¢ A card-program control for at least 
one roughing mill, with several more 
in prospect. 

e Special steel-mill-control 
such as pinhole 
register-control 


devices, 
detectors, edge 
systems and tinplate 
coating condition-inspection apparatus 

Westinghouse, on the other hand, 
feels that the systems approach to 
one particular part of the process is 
the best method of attack at the 
present time. It reasons that this is 
the most practical way to start the 
new control concept, and to gain 
experience putting a system together 
and getting it to work. 
¢ Three Westinghouse systems—The 
company has three separate systems 
that have been engineered for steel 
or aluminum-mill application: 

The card-programmer control for a 
roughing mill has been publicized 
widely. Westinghouse has alread 
sold six of these units. 

Westinghouse 


| 


automatic radiation 


gage controls have been incorporated 
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Output voltage within 0.5% during 
recovery time for line transients 
105-125 volts. 


Short circuit will not damage supply. 


Full current may be drawn at any 
voltage from 2-36 volts. 


OUTPUT VOLTAGE DC: 2-36 volts continuously variable. 
OUTPUT CURRENT DC: 0-15 amperes continuous duty. 


REGULATION: In the range 2-36 volts the output voltage variation 
is less than 0.5% for line fluctuation from 105-125 volts, and 
less than 0.5% or 25 millivolts, whichever is greater, for load 
variations from minimum to maximum current. 


RIPPLE VOLTAGE: Less than 0.5% or 25 millivolts RMS, which- 


ever is greater. 
FUSE PROTECTION: Input fuses on front panel. 


OVERLOAD PROTECTION: An automatic current limiting device 
allows direct shorting of the output terminals without damage 
to the supply. 








2-36 voL_Trs 


show) -t- oe 


POWER REQUIREMENTS: 105-125 volts, 57-63 cycles. 


OUTPUT TERMINATIONS: DC terminals are clearly marked on the 
front panel. Either positive or negative terminal of the supply 
may be grounded. DC terminals are isolated from the chassis 
A binding post is available for connecting to the chassis. All 
terminals are also brought out at the rear of the chassis. Two 
terminals are mounted at the rear of the chassis to provide for 
picking up the error signal directly at the load. This connection 
compensates for the voltage drop in the wires connecting the 
power supply to the load. 


METERS: Ammeter: 0-15 amperes, 4” rectangular 
Voltmeter: 0-15 volts, 4” rectangular. 


CONTROLS: Power on-off switch, DC on-off switch, remote error 
signal on-off switch, coarse and fine voltage controls 


PHYSICAL SPECIFICATIONS: Rack panel construction. Panel 
height 124%”, width 19”, depth 17”. Color Kepco standard gray 
hammertone. This unit is designed for relay rack mounting or 
bench use. Carry handles are provided. 


OPERATIONAL CHARACTERISTICS: This regulated unit consists 
of a ferro-resonant line regulator followed by a magnetic ampli- 
fier regulator. The ferro-resonant line regulator furnishes well 
regulated transient free AC power. The high gain magnetic 
amplifier is used to regulate the DC output voltage to compen- 
sate for voltage changes in the power unit for varying load cur- 
rents. The response time for pulse loads is less than 0.2 seconds. 


WRITE FOR SPECIFICATIONS ON 30 
AND 50 AMP. MAGNETIC SUPPLIES. 


KEPCO LABORATORIES, INC. 


FLUSHING 55, N.Y. © INDEPENDENCE 1-7000 


131-38 SANFORD AVENUE 
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on cold-strip mills in one steel plant 
and two nonferrous metal installations. 

Automatic charging controls for 
blast furnaces have been available for 
several vears. The most recent inno 
vation is the use of Cypak static- 
switching devices in them. 

Westinghouse control engineers pre 
dict that some day the “punched 
card” will run a steel mill. It will 
do everything from programming 
blast furnaces and rolling mills, to 
adding up the pay of workers. 
¢ First with jacks—The early bird in 
steel mill programming was E C & M 
(Electric Controller and Manufactur- 
ing), now a division of Square D Co. 
KE, C & M installed the first mill pro 
grammer in 1936 and it is still oper 
ating—programming the screw-down 
of a reversing roughing mill. With this 
carly equipment, an operator initiates 
each pass of the step-by-step regula- 
tion, using a single push button to 
control side guides, horizontal, and 
vertical rolls. At the same time, the 
operator controls rotation of the rolls 
with a foot pedal. 

That pioneering installation was 
programmed with jacks. Since then 
EC & M has improved the design, and 
today programming is done by both 
circuit panels with adjustable slides 


and plastic punched card. Currently 
the company, specializing in screw- 


down programmers, has orders for 


seven installations. 


Steel takes the initiative 


Control manufacturers will tell you 
that the steel industry has been quick 
to take makers’ word that these new 
control devices will work. And, steel 
producers are doing some first-rate 
engineering on their own. Among 
the names behind these developments 
are R. Holman at U. S. Steel, Orville 
Orbom at Allegheny Ludlum; Carl 
Zimmerman at American Steel & 
Wire’s Cleveland Works; Leo DiFiore 
of Youngstown Sheet & Tube; and 
R. W. Barnitz of Jones & Laughlin. 
Industry observers feel that specialty- 
steel producer Allegheny Ludlum Steel 
Corp. is probably leading the pack. 

A task force headed by Orbom is 
spearheading control development 
work at A-L. This group has devel- 
oped a master plan of action based on 
a study of steelmaking equipment 
They're implementing this plan by 
using the systems approach on various 
stages of the process. 
¢ Framework—Under A-L’s plan, cet 
tain specific ground rules have been 
established. All further systems work 


GE designed card programmer 


has to abide by these ground rules 
Orbom points out that sometimes 
the easiest way to do something spe- 
cific on a machine can’t be done be 
cause it clashes with the basic con 
cepts of the master plan. But he claims 
1 master plan is a “must” to keep 
from succumbing to the temptation of 
installing gadgets and gimmicks on 
equipment. 

A-L’s program for control-systems 
engineering has three main facets 

1. An analysis of the whole system 
in terms of the independent and 
dependent variables. 

2. An integrated design of instru 
ment, process reaction, and control. 

3. The fabrication and testing of 
the control hardware 

Orbom says the key to this coor- 
dinated automation program is a com- 
mon-language communication net 
work. “The language must be 
intelligible not only to men but to 
machines, electronic mechanisms, 
automatic inspection devices, and pro 
duction record generating equipment.” 

When A-L’s automation program 
gets in high gear, there will be at 
least five steps to every operation. 

¢ Identification—The input card will 


WHAT’S NEW 


controls reversing roughing mil] at Allegheny Ludlum 


carry identification information perti 
nent at this stage of processing. 

¢Control—The input card will be 
read to tell the machine how to set 
itself up and what product is desired. 

¢Record—An output card will be 
punched automatically, identifying 
the actual product, and a typed output 
will also be produced 

¢Subsequent control—The output 
card will be passed on to the next 
operation to provide information to 
make a new input card 

¢ Evaluation—The output card can 
subsequently b through 
computer equipment to provide yield, 
quality, and cost information, includ 
ing such important items as down 
time and roll-life records 

So far A-L’s task force is batting 
1 thousand: its one trv has resulted 
in a successful automatic elongation 
controller on a rolling mill. (The 
card-programmer for the screw-down 
of a reversing roughing mill at A-I 
was designed by GE). The elonga 
tion controller is working better than 
expected and has been _ received 
enthusiastically by A-I Production 
Dept. But the best may be just 
iround the corner. Orbom’s 


processed 


group 1S 
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Small 


In all the recent palaver about the beauties 
of Bigness as a corporate asset nobody but 
nobody seems to be going to bat for the 


but ferocious! 


or even 
Nevertheless many 
smaller companies offer specife built-in 
advantages that make them as indispensable 
to the corporate giants as a tugboat to the 
Queen Mary 

In volatile felds 


many advantages of Smallness 
Medium-Sizeness 


like instrumentation 
and automation, the smaller company often 
offers a real premium in speed, service, and 
the concentration of high-calibre brain- 
power that can be brought to bear on a 
given problem. Unvinsulated by layers of 
corporate fat, unable to bury its mistakes 
in a labyrinth of multi-divisional rabbit 
tracks, the smaller company is extremely 
sensitive to customer needs. In an outfit the 
size of Hays, for example, there is ferocious 
personal involvement in the destiny of 
every job. This rebounds to the advantage 
of our customers. And in tangible enough 
terms so that several of our Big-Company 
customers tell us they wish they could 


duplicate our agility if not our volume 
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Science lurches forward! Charts above shou hou customers’ 
black line 


| il 
under-the-collar temperatures respond to 


company action (dotted line 

Here’s an example of agile small-com 
pany service, lifted from the files of the 
firm whose bounty sponsors these monthly 
ramblings. On a recent Friday afternoon 
our intercom crackled with an urgent call 
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from our Detroit representative. A boiler 
had burst in a plant of one of the king-size 
corporations in his territory. Another boiler 
had been shut down, pending discovery of 
the cause. Production, in king-size quan- 
tities, was being lost Could we ? 

Two of our top engineers were at the 
scene within hours. Working all through 
the week-end, they located the trouble 

which did not involve instrumentation 

eliminated it and had the boiler in service 
at 8 a.m. Monday 

Not a particularly unusual case, either 
with Hays or many companies our size. But 
one that accentuates the positive about the 
advantages of small company service 


The Condu-Therm (adv.) 


If, despite our blandishments, you remain 
somew hat less than fascinated by our ever- 
popular Hand Orsat if even our 
chemical CO, you un- 
moved, why not take a sporting look at our 
thermal conductivity type analyzer? We 
call it the Hays Condu-Therm (get it ?) 
While there are many 


analyzer leaves 


versions, 
rather partial to the Hays design 
For one thing, we enclose the measuring 


we are 


resistors in glass, a microscopic process 
about which we told you a couple of 
months back. This causes us no end of 
trouble, but it does prevent the platinum 
resistance wire from being oxidized and 
eliminates a maintenance headache. This, 
together with a corrosion-proof internal 


coating, provides a corrosion-resistant sur- | 


face to troublesome gases 

Another thing: we can supply the 
Condu-Therm with a saturator, a gimmick 
that presents the analysis on a constant 


automatic saturation basis to compensate | 
for the varying water vapor content of | 


the sample 


All in all, a worthy instrument, proved 


in over 10 years and a few hundred instal- 
lations. For the facts, write for bulletin 
56-1008-59 


( C| | 
\k-9 peat 
' [) President 


Regular readers will be pleased to 
note that Mr. Sprague 1s 
president without a vice 


Ed note 


now a 


MICHIGAN CITY, INDIANA 
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STEEL 


Story starts on page 22 


Sendzimit 
the 


readying a control for 
Mill that could 
sheet steel business. 
¢ Four basic problems— After analyzing 
rolling operations A-L found four 
basic problems that make it difficult 
or impossible for present-day rolling 
mills to guarantee the gage of sheet 
material. The company thinks it may 
have found solutions to all four; two 
of these are already in the hardwarc 
stage and being tested; two others 
ire being converted from theoretical 
solutions to hardware. If A-L is right, 
this control will permit a mill to turn 
out gage with a guarantee of $ com 
mercial tolerance 
unheard of today. 
* Big steel looks ahead 
Holman shows 
tistics tell why his 
interested in automatic controls. As 
he explains it, an increase of only 
0.1 percent of “on-spec’’ material from 
a 10,000-ton-per-day rolling mill will 
save 10 tons of steel steel that 
costs from $105-175 per ton 

To bring about such savings, big 
steel has preferred to idapt new con 
trol devices to mill equipment rather 
than use a ipproach. And, 
it’s turned out some unusual examples 


revolutionize 


something generally 


At U.S. Steel, 
some significant sta 


to 


company 1S 


1 day 


systems 


| of sophisticated control 


e Automatically controlled sintering 
plant at the Fairless Works 

eA “Ferrostan” tinplate inspection 
and control device designed to check 
the surface of plated sheet at the 
Irvin Works 

eAn x-ray-controlled cold tandem 
mill with controls built by GE. 

e At the Gary works, an 
voltage control for de drives on a 
four-stand cold tandem mill, which 
is considered the highest production 
mill in the steel industry. 

eJ&L’s progress-At Jones & 
Laughlin Steel Co., installation of a 
card-programmer for a reversing rougl 
ing mill is almost completed. Chief 


idjustable 





Electrical Engineer R. W. Barnitz will 
tell you that his company is waiting 
to see how well the new system 
works before plunging any deeper. 
But J&L has already ordered a simi- 
lar control for a mill in its Cleveland 
plant. And Barnitz and Assistant 
Chief Engineer George Kaufman are 
figuring new ways to use the system. 

Despite expressed caution on auto 
matic controls, J&L can visualize a 
widespread use of such devices through- 
out steel mills. One thing it thinks will 
follow shortly: adding information to 
the punched card at the hot mill, in- 
cluding rolling temperature, gage, and 
exact width, so that the card serves as 
1 record of a particular batch of steel. 

Looking further into the future, 
J&L’s chief electrical engineer sees an 
other steel-mill operation that should 
be a prime target for computer control. 
Chat’s automatic control of an open 
hearth furnace to eliminate “off 
heats”. “It seems to me,” he says, 
“that computer control, constantly 
measuring the variables and changing 
them to fit an optimum standard, 
would be the answer. But that’s a 
long way off, I’m afraid.” 
¢The obstacles—That’s a tip-off to 
some sticky problems that have to 
be solved by both steel-mill users and 
control manufacturers. One of the 
biggest is obtaining detailed informa 
tion on the dynamics of steel-making. 

Still another problem is one of 
equipment maintenance. As Barnitz 
says, “This is a new breed of cat for 
steel-mill maintenance men, and we 
have to bring our maintenance men 
along in steps.” 

In general, steel-mill maintenance 
crews haven’t taken to electronic 
gcar. They’ve been reluctant to tackle 
servicing such equipment. But proofs 
of the fact that this inertia is dissoly 
ing are the installation of radiation 
gage controls that are basically elec 
tronic, and the growing use of elec 
tronic induction heating units. 
¢ Reliability bug—Still another prob 
lem is the old one of reliability. 
There’s still some feeling in the steel 
industry that electronic gear can’t 
stand the gaff of rough, steel pro 
cessing. Not so, says A&L, whose 
elongation controller uses electronic 
gear with plenty of tubes: “The secret 
is using them in the right way.” 
According to Orbom, as long as elec 
tronic tubes are used in on/off cir- 
cuits that fail safe, there’s no real 
problem with the tubes. However, 
vou can get into trouble if the opera 
tion of the control circuit depends 
on the characteristics of a tube. 

A&L has one other fact to offer in 
the reliability argument. The elec 
tronic gear in its elongation controller 
has run almost 5,000 hours without a 
tube failure. 
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MUIRHEAD 


SYNCHROS & SERVO MOTORS 
MADE STRICTLY TO U.S. 
MIL SPECIFICATIONS 
AVAILABLE FOR 
IMMEDIATE DELIVERY 





DON’T WAIT—ORDER YOUR 
SYNCHROS FROM MUIRHEADS 


NOW 


Ln 


Muirhead Synchro Test Equipment, for 

testing 115V, 400 c/s Control Synchros, 

types Il, I5, 18 and 23 to MIL spec., 
is described in Publication 7741. 


SYHOLOW OAYSS 8 SOYRINAS 








MUIRHEAD INSTRUMENTS INC. - 677 Fifth Ave - New York 22 - N.Y. - U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED - STRATFORD - ONTARIO - CANADA 
MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 





Kearfott Series R900 Synchros 


. . are not selected, but are built 
to the specific degree of accuracy 
required. The accuracy of each 
class and the distribution of errors 
within each class, is a function 
of rigid quality control. The curves 
below indicate the degree of 
accuracy of three classes of 
synchros. The distribution of errors 
in each class is indicated in the 
cross-hatched area beneath each 
curve, 


BUILT 
TO THE 
ACCURACY 
YOU 
REQUIRE 


MAXIMUM ERROR FROM 7 10' 


ELECTRICAL ZERO 


Kearfott Series R900 Synchros are characterized by high 
accuracy, corrosion resistance and new high temperature 
stability. Units available for early delivery. 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, Servo 

and Magnetic Amplifiers, Tachometer 

Generators, Hermetic Rotary Seals, 

Indicators and other Electrical and 

Mechanical Components. Kearfott 

Systems include Directional Gyro 

Compass Systems, Three Gyro Stable 

Platform Systems and Inertial Navi- 

gational Systems. i 
| 
| 
l 


Send for bulletin giving data of com- 


ponents of interest to you. A SUBSIDIARY oF | 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Moin Avenue, Clifton, N. J. 
Midwest Office: 188 W. Rondolph Street, Chicago, Ill, South Central Office: 6115 Denton Drive, Dallos, Texas 
West Coost Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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Control engineers will have plenty 
of opportunity to pursue theit special- 
ties in a variety of college short courses 
this summer (see chart, right), a 
ConTROL ENGINEERING survey indi 
cates. Announcements of the programs 
listed in the chart were received in 
answer to a questionnaire mailed to 
colleges. 

For the second straight year, Case 
will offer Prof. Donald P. Eckman’s 
three-week sessions on process theory. 
each week 
includes 10 lectures, four laboratory 


Using concentrated doses 


periods, and eight discussion periods 

Eckman and his assistants cover new 
concepts of automatic control in the 
process industries, including data proc 
essing, computer control, and informa 
tion theory. One portion of the course 
stresses developments in components. 

University of Michigan is offering 
two courses in automatic control and 
five in computing engineering and ap 
plication: both cover introductory and 
advanced levels. The first course in 
automatic control stresses fundamen 
tals of measurement, communications, 
and control, including basic work on 
nonlinear systems, the second, the ap 
plication of the fundamentals to ad 
vanced problems 

MIT offers two high-level courses of 
special interest to control engineers 
One covers the systems aspect of digi- 
tal data processing, emphasizing factors 
which influence specifications for data 
conversion devices, and engineering 
analysis and evaluation of a variety of 
conversion devices. Considerable us¢ 
will be made of case histories to illus 
trate major points. 

I'he second MIT course is an ad 
vanced survey of recent developments 
and specialized techniques in the field 
of chemical analysis 

Back again this summer are such 
well-established courses as the Appala 
chian Gas Measurement Short Cours« 
at the Universitv of West Virginia and 
the Pennsylvania State University 
seminar on Automation (see p. 30 
for full details). For the 17th year, 
West Virginia will play host to repre 
sentatives of the gas and petrochem 
ical industries, stressing for three days 
fundamentals of gas measurement in 
cluding both instruments for measur 
ing and devices for control. 

Wayne State University’s Computa 
tion Lab is offering a repeat on the 
computer studies that were so popular 
last year. This is the fifth year that 
Wavne will offer summer short courses 
in compute! applications. 





Summer Courses Lure Control Engineers Back to Campuses 





SCHOOL 


COURSE 


DATES 


FEES 


ADDRESS FOR 
APPLICATIONS 


REGISTRATION 
DEADLINE 





CASE INSTITUTE 
OF TECHNOLOGY 


Process Control Theory 
Principles and theory of 
automatic control with 
applications to industrial 
process control. 


Ist Section: 
June 10-28 


2nd Section: 
July 15-Aug. 2 


$425.00 


Donald P. Eckman 
Mechanical Engineering Dept. 
Case Institute of Technology 
10900 Euclid Avenue 
Cleveland 6, Ohio 


Ist Section: 
April 26, 1957 


2nd Section: 
June 7, 1957 





CORNELL UNIVERSITY 


Fundamentals of Feedback 
Control Systems 
Principles of performance 
from equations and trans- 
fer function plots. 


July 29-Sept. 14 


$133.25 


E. M. Strong 

Director of Co-Op Program 
School of Elec. Eng. 
Cornell University 

Ithaca, N. Y. 


None 





ILLINOIS INSTITUTE 
OF TECHNOLOGY 


EE 320 Electronics 
EE 322 Electronics Laboratory 


Mech 302 Fluid Mechanics 


MWF: 6:20- 
8:00 pm 
MWF: 8:10- 
9:50 pm 
MWF: 6:20- 
8:00 pm 


$56.00 
$42.00 
$56.00 


Registrar 

Iilinois Inst. of Tech. 
3300 S. Federal Street 
Chicago, 18, Il. 


June 19, 1957 





MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 


Analog-Digital Conversion 
Techniques 
Systems Aspects of Digital 
Data Processing. 
New Developments in 
Instrumental Analysis 


Survey of recent developments 


in the field of instrumental 
chemical analysis 


Aug. 12-16 


Aug. 


$175.00 


$175.00 


Office of the Summer Session 
Room 7-103 

Mass. Inst. of Tech. 

77 Massachusetts Avenue 
Cambridge 39, Mass 





UNIVERSITY OF MICHIGAN 


Course | Automatic Control 


Fundamentals in the field of 
measurement, communications 


and control. 
Course 11 Automatic Control 


Application of fundamentals 


to advanced problems. 
introduction to Digital 
Computer Engineering 
Advanced Digital 
Computer Engineering 
Introduction to the 
Electronic Digital Computer 
and Its Application 
Applications of Advanced 
Numerical Analysis to 
Digital Computer Problems 
Application of Logic 
to Advanced Digital 
Computer Programming 


$125.00 


$60.00 


$200.00 
$200.00 
$200.00 


$200.00 


$200.00 


Prof. L. L. Rauch 

Room 1521 

East Engineering Building 
University of Michigan 
Ann Arbor, Mich 


Coordinator of Engineering 
Summer Conferences 


2038 East Engineering Building 


Ann Arbor, Mich. 


April 15, 1957 
(CtE, Aprii, p.42) 


Until course 
is filled 





NORTHWESTERN UNIVERSITY 


Transport Properties of 
Gases at High Temperatures 
and Pressures 


(Not de- 
termined 
yet) 


Ali Bulent Cambel 

Dept. of Mech. Engineering 
Northwestern Tech. Inst. 
Evanston, Ill. 





UNIVERSITY OF OKLAHOMA 


Automatic Control 
in the Petroleum 
and Chemical Industries 


Charles E. Hays 

School of Elec. Eng. 
University of Oklahoma 
Norman, Okla. 





WAYNE STATE UNIVERSITY 


Introduction to Computers 
and their Applications 


Basic ideas of computers and 


their components 
Data Processing in Business 
and Industry 
Feasibility studies and 
methods of initiating 
electronic programs 


industrial Management Computer 


Applications 


Numerical and programming 


techniques for the solution 
of problems 


$125.00 


$125.00 


$125.00 


Arvid W. Jacobsen 
Computation Laboratory 
Wayne State University 
Detroit, Mich. 


June 1, 1957 





WEST VIRGINIA UNIVERSITY 





Gas Measurement Short Course 
Fundamentals of gas measure- 
ment, meters, automatic control 
instruments, and other 
related equipment. 


R. E. Hanna 
University of West Virginia 
Morgantown, W. Va. 








alemeter 


ANY VARIABLE 
from Remote Points 








Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 


The Model 1025 Tele- 
meter Transmitter con- 
verts DC mv from thermal 


Accurate converters, etc., to 10-30 
HIGH-SPEED orseeesset2, 103° 


ulates a built-in audio tone 


Continuous channel. AC 10 to 30 cps 


or relay outputs are also 
Telemeter available. Receiver detects 

and demodulates transmit- 
ted signal, generating a 
DC mv for operation of 
recorders or indicating in- 
struments. Up to 45 tele- 
meters can be multiplexed. 

Any communication 
link, including power line 
carrier, microwave or wire 
line may be used. 

Over-all accuracy is 1% 
with a response speed of 1 
second. Equipment fea- 
tures a built-in calibration 


Built-in 
circuit for 10% and 90% 


Self- receiver check, oo 10 cps 


Calibrating gg cps transmitter 
Circuit 


ETC. 


Any quantity which may 
be converted into a DC 
millivoltage or will oper- 
ate a slidewire may be tel- 
emetered, 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering or communications 
problem. Phone DEerfield 4-3100. 


Radio Frequency 


LABORATORIES, INC. 


WHAT’S NEW 


Third Penn State Seminar 
Stresses Practical Production Control 


In the past three years, Pennsyl- 
vania State University’s Automation 
Seminar has earned a reputation for 
being a down-to-earth session for a 
practical-minded audience. The 1957 
seminar, scheduled for June 9-14, i 
aimed at continuing that reputation. 

Heading up the seminar for the 
third straight year is Penn State’s 
Chester Linsky, assistant professor of 
industrial engineering. It’s Linsky’s 
belief that the people who attend the 
semimar are seasoned engineers, ex 
perienced in production and most 
interested in how they can use the 
new developments of automatic con- 
trol in their own operations. 


The program (see below) reflects 


THE PENN STATE PROGRAM 


this philosophy. Heavy emphasis is 
being placed on the application of 
basic criteria related to: planning, 
design, and installation of automated 
equipment for in-process transfer, 
small-parts handling and positioning; 


automatic-control systems —pneumatic, 


hydraulic, mechanical, electrical, and 
electronic; punched tape positioning, 
and static switching. 

Sessions each day are divided into 
two phases. Each morning is devoted 
to the presentation of technical papers, 
each afternoon to workshops where 
participants get a chance to solve 
specific problems in control. 

For ConTROL ENGINEERING editors, 
there’s a moral in this year’s seminar: 





TECHNICAL SESSIONS 


MONDAY MORNING 


Chairman : Karian, F. J. 


George G. 


Stokes ( ‘orp. 


The Systems Approach to Automation 
. F. Maynard, General Electrie Co. 
II. Developing and Presenting Project Proposals and Cost Estimates 


Frank Foley, 
TUESDAY MORNING 
Chairman: L. T. Ohmart, 
Automating Similar Parts 
Jerome Sands, Stromberg ( 


General Electrie Co. 
Armstrong Cork Co. 


‘arlson Co. 


Ii. Miniaturization and Small-Parts Handling 
Don Zierk, The Elgin National Wateh Co. 


WEDNESDAY MORNING 
Chairman: R. V. Higdon, Haller, 


Raymond, & Brown, Ine. 


Packaging and Materials Handling Equipment Design 


W. C. Allen, Westinghouse 
Vv 


Electric Corp. 
J. Eichenlaub, Westinghouse 


Eleetrie Corp. 


II. Designing for Automatic In-Process Inspection 
I 


4 O. Heinold J 
WEDNESDAY EVENING 
Panel discussions 


r., Federal Products Corp. 


I. Problems We Have Had to Face in Operating an Automation Program 
I 


Chairman: Herman Melzer, 


II. Our Experiences with Acquiring, 


Maintenance 
Chairman: J. 

‘THURSDAY MORNING 
Chairman: B. K. 


Ledgerwood, CONTROL 


Sylvania Electric Products, Inc. 
Training, and Up-Grading Operating 

and Design Personnel for Automation Programs 

S. Wilford, “Production” 


Magazine. 


ENGINEERING 


& — in Automatie Control Systems Design 
A. Horchos, International Business Machines Corp. 
ee Desig gn and Oper: ating Features of Tape Controlled Apparatus 
W. F. Jessup, Cincinnati Milling & Grinding Machines Co. 


FRIDAY MORNING 


Chairman: A. S. Marburger, Sperry Rand C orp. ’ 
I. Using Present Facilities and Standard Components to Automate Production 


Erie C. Brodin, SKF 
IT. Debugging New Equipment 
a. J Willis ams, Talon, Ine. 


Industries, 


Ine. 


I1l. The Desig mers and Operator’s Experience with Automated Equipment 
» N. Lenk, Western Electrie Co. 


WORK SHOPS 


Fundamentals of Automation Development : 
How to Develop Project Proposals and Cost Estimates 
Design of Automatie Feed and Positioning Devices 


Design of Special-Purpose 


Assembly Equipment 


Fundamentals of Automatie-Control Systems Design 


"I. Statie Switching Devices 


Advanced Autom: itic Control Systems Design 


. Tape and Numerical Machine Tool Control Systems Design 
.. General Bull Session on Automation Problems 


Boonton, New Jersey, U.S.A. 
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How many microseconds apart is “almost simultaneous” ? 


Here is how magnetic tape gets the answer 


When things happen in the front of a jet en- 
gine, other occurrences in the rear follow in a 
flash — no pun intended, we mean in a fraction of 
a millisecond. Those who test jet engines have 
found that magnetic tape recording can be used 
to make a millisecond look enormous — and to 
show even fifteen microseconds as a significant in- 
terval. Transducers in key points in the front and 
rear of the engine feed parallel tracks on the tape. 
The amount of offset between parallel signals pro- 
vides a measure of their relative timing. 


Microscopic precision of gap alignment and azi- 
muth enables magnetic tape to record extremely 
accurate track-to-track time relations. 


[a Sa —_——~ 


For time correlation the head stacks on an 
Ampex Tape Recorder are like an “electronic 
tee-square.” All of the gaps are in line within 
1/10,000th inch. And gap azimuth is accurate to 
a minute of arc. Tape moves past the head at 
speeds up to 60 inches per second and multiplies 
the track-to-track timing accuracy accordingly. 
(But consult us at Ampex before you rely on sim- 
ple arithmetical conclusions). 

To read these time differences off in measur- 
able form, the tape is reproduced at a small frac- 
tion of its original speed (1/32nd, 1/100th, etc. 
according to machine). It can be recopied onto 
another tape — be slowed down again — and then 
be recopied onto a visual recording on which 
small time intervals are magnified as much as 
10,000 times. 

If to you this particular example is more spec- 
tacular than useful, note that it is only one of 
numerous talents that magnetic tape has in tying 
together data and time. Perhaps some of these 
others fit your needs. 

Are you interested in reproducing data in pre- 
cise real time? Ampex Servo Speed Control can 
reproduce data with original timing held within 
two parts in 100,000. It doesn’t matter if the tape 
stretches a little, or if your input power fluctuates 


eT 


ne rd 


from 60 cycles. Servo Speed Control holds a pre- 
cision signal on the tape in step with a precision 
time source. At any instant these signals will be 
in phase within a millisecond or less (depending 
on tape speed ). 

Maybe you like your data recordings referred 
to the time of day. In any of several forms of digit- 
al coding, such information fits nicely on a timing 
track. The time code designates hours, minutes, 
seconds and even the milliseconds between. Com- 
mercial equipment is available for search and con- 
trol. It can run the tape quickly 
to any minute and second you 
designate — handy if your re- 
cordings accumulate by tens 
or hundreds of thousands of 
feet. 

If quick, accurate measure- 
ment of time intervals from a 
fractional second to a few sec- 
onds in length are your inter- 
est, magnetic tape recordings 
can make the problem as easy 
as counting to 1,254,391... 
on an electronic counter. A 
series of pulses or sinewave 
oscillations are recorded on a 
time track parallel to the data tracks. As many as 
ten thousand per second can be recorded accu- 
rately and reliably. Electronic counting of these 
pulses measures time intervals to a required pre- 
cision. There is no strain on your patience or your 


eyesight. 





* 
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23 milliseconds 


Ampex 

Servo Speed Control 
equipment as used on 
the FR-100 Recorder. | 


A. 


Electronic counting on a 
timing track measures time 
intervals between data 


If you are concerned with accurate timing of 
data and would like to know further of magnetic 
tape’s advantages, we will be glad to furnish ad- 
ditional information. Others of magnetic tape’s 
capabilities will be discussed in this continuing 
series. Would you like copies mailed direct? 
Write Dept. HH-3135. 


PEX | First In MAGNETIC TAPE INSTRUMENTATION 





CORPORATION 











934 CHARTER STREET * REDWOOD CiTy, CALIFORNIA 


District offices serving all areas of the United States and Canada; Foreign Representatives in countries around the world. 





TRANSMITTER 
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= e small size 

az low distortion 
_ e high reliability 
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e high frequency 
stability 


Model 3021 Transmitter 


An extremely rugged unit de- 
signed for high - shock impact 
and extreme environmental con- 
ditions. Subminiaturized and 
crystal-stabilized 


Frequency Range: 215-235 mc 
Power Output: 2 watts 
Weight: 1.7 pounds 


Write for complete data 
and prices, 


RADIATION 
INC. 


ELECTRONICS* AVIONICS * INSTRUMENTATION 


Personnel Inquiries Invited 
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| WHAT’S NEW 


Last year, editors criticized the ses 
sions, so Chairman Linsky called on 
them for help in planning the 1957 
program. The result: Managing Editor 
Byron Ledgerwood chairmans the 
Thursday morning session and Con- 
sulting Editor Harry Mergler conducts 
a workshop on tape and numerical 
machine tool control. 

Registration fee for the session is 
$50, which includes all materials. 
To register, send check payable to 
Pennsylvania State University to: 
T. Reed Ferguson, Extension Con- 
ference Center, The Pennsylvania 
State University, University Park, Pa. 


New Doctorate Program 
Starts at U. of Conn. 


Electrical Engineering Dept. at the 
University of Connecticut has ex- 
tended its program in “Network 
Iheory and Feedback Control Sys- 
tems” to the doctorate level. It has 
been offering an MS in this area 
since 1950. Recent additions in cur- 
riculum and research activities make 
the wider program possible. 


United Auto Workers 
Win Honeywell Engineers 


Walter Reuther struck paydirt with 
his first invasion of the engineering 
field. Last month, his United Auto 
Workers won a precedent-setting afhl- 
iation election in Minneapolis by a 
579-116 landslide as the Federation 
of Honeywell Engineers voted to join 
UAW and disafhliate from the Engi- 
neers & Scientists of America. The 
Honeywell federation represents about 
2,000 engineers and technicians at 
Minneapolis-Honeywell Regulator Co. 

The Minneapolis victory represents 
the start of an ambitious campaign 
by UAW to organize engineers in 
the aircraft and guided-missile in- 
dustry. Early in February UAW set 
down the organization of engineers 
as one of its major goals for 1958. 
Later it announced the formation of 
an Aircraft & Avionics Engineering 
Council as the heart of its program. 

The big question now is where 
UAW will go next. Union leaders 
aren't talking, but one UAW chief- 
tain reported “a number of large 
important engineering groups have 
asked UAW for help. We're respond- 
ing as fast as possible.” The same 
official emphasized that UAW planned 
an aggressive campaign. 


RF POWER 
- rugged 

- compact 
- reliable 


LdLTd WY 


Model 3052 Amplifier 


Provides 50 watts output from 2 
watts input. Rugged construction 
and the use of a stacked ceramic 
tube makes this amplifier stable 
and reliable over a wide range 
of environmental conditions: 


Temperature: —55° to +-75°C 
Shock: 100g 
Vibration: 20g, 20-2000 cps 
Altitude: 0-70,000 feet 
Write for complete data 
and prices 


i RADIATION 
INC. 


ELECTRONICS* AVIONICS * INSTRUMENTATION 


Personnel Inquiries Invited 
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First true motor-driven 
self-balancing electronic instrument 
in miniature size! 


USES 3-INCH CHART, HAS FULL PLUG-IN FLEXI 


It’s the new Bristol Series 663 Miniature Electronic Dynamaster® Instrument— 
now available in both indicating and recording models. 

No delicate, low-torque galvanometer-type drive unit in this instrument! The 
663 employs motor-driven slidewire self-balancing — the same principle that’s 
been time-proved for superlative accuracy and dependability in full-size Dyna- 


4 


master instruments. All in a panel space only 5” x 5%”! 
With this advance, Bristol steps ahead on two fronts: 


1. Bristol now offers the widest selection of miniature plug-in instruments on 
the market — electronic, pneumatic, and telemetering (all with the same panel 
cutout) — you can get them all from Bristol. 

2. Bristol becomes the first manufacturer to offer both full-size and miniature 
instruments in a full line. Your instrument problems get unbiased recommendations 
from Bristol — every ti 

BRISTOL’S 


REG. US PAT OFFICE 


*T.M, Reg. U.S. Pat. Off. 
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TWO-CHANNEL GALVANOMETRIC 
RECTILINEAR RECORDER 


Record two variables side-by-side on 


one chart roll in their true wave 
forms, and visually correlate to a com- 
mon time base. The compact DUAL 
recti/riter gives you galvanometer 
reliability—high deflection sensitivity 
—0.45 inch/100 microamperes; full 
time—0.25 second; AC, 


DC, spring, or external drives; 10 


scale rise 


fingertip chart speed changes; and me- 
ter movements of 1, 5, 10, or 25 ma 


input for full scale deflection. 


But most important of all, 
the DUAL recti/riter 
gives you easy inter- 
pretation — 


For complete information write for 
Bulletin BR-502. 


* $825.00 
Basic 
» Unit Price 


TEXAS INSTRUMENTS 


3609 BUFFALO SPEEDWAY ~- 


INCORPORATED 
INDUSTRIAL INSTRUMENTATION DIVISION 


HOUSTON, TEXAS 


Formerly: HOUSTON TECHNICAL LABORATORIES 
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WHAT‘’S NEW 


Jammed aisles made navigation tough, as .. . 


Electronics 


IRE Crowds Shatter Attendance Records 


Over 57,000 visitors, an all-time 
IRE record, poured into New York 
City’s giant Coliseum during — the 
four-day IRE show, biggest in_ the 
institute’s history. Avid visitors over- 
flowed the more-than-800 exhibitors’ 
booths from the show’s opening until 
it closed, leaving exhibitor personnel 
limp and exhausted. Only IRE’s care- 
ful organization of exhibits into four 
major classes—equipment, compon 
ents, instruments and controls, and 
production machinery—each with its 
own floor, kept the show from turn- 
ing into a maze of confusion. 

Control engineers had a field day 
picking their way through 132 booths 
displaying control components, 27 ex 
hibits of systems suppliers, and 12 
displays by computer manufacturers, 
Among the show highlights 

> An automatic analog computer 
that goes well beyond just automatic 
pot setting, displayed by Reeves In- 
strument Co. 

> A low-cost remote-positioning de- 
vice with small input torque and high 
output torque, shown by Air-Marine 
Motors. 

P An electrohydraulic positioning 
servomechanism, accurate to within 
0.001 in., built by Eastern Industries. 

> New magnetically controlled 
scaler-divider in the booth of Mag- 
netics Research Co. 

> ‘Transistorized pulse-programming, 
equipment exhibited by Navigation 
Computer Corp. 

> Electronic tachometer that counts 
rpm or frequency, in a plug-in package 
designed by Standard Electric ‘Time. 

> New microwave spectrum analy- 
zer and a new miniaturized sphere 
resolver, announced by Vectron, Inc. 

The Reeves ““Auto Control” system 


Reeves 
with the 


prompted a flurry of interest. 
delivered its first REAC 


automatic system to the Navy’s Project 


Cyclone at the end of the show 
more such systems are under 
struction for Wright-Patterson 
and three others have been sold. 

With the ‘“Auto-Control’” system, 
automatic cycling commands from a 
central-contro] panel produce typed 
out readings of all pot settings (includ- 
ing problem-check pots), all amplifiers, 
or all integrators. A punched tape can 
program the computer to sets 
of equations by changing pot settings 
and patchboy connections (via relays) 
automatically Servo 
function awa\ 
from the computer by preparing plug 
in padding turrets 


Four 


con 


AFB, 


solve 


between runs. 


generators are set up 


Technical sessions 

For the 
Professional Automatic 
Control—a newcomer to the field—pre 
pared two special sessions. Both were 
led off by outstanding men in control. 
Prof. J. G. ‘Truxal of Brooklyn Polvy- 
tech opened the first session with a 
paper coauthored with E. Mishkin. 
heir presentation: “Nonlinear Com- 
pensating Networks”. They covered 
the general character and _ practical 
requirements of such networks and 
mentioned briefly a few applications. 

Most of the authors in the first 
session represented universities—Calli- 
fornia, Pennsylvania, and New York 
Universitvy—and gave an academic 
rather than a practical flavor to the 
meeting. The final presentation of 
this session, by Convair’s I. Van Horn, 
“Nonlinear ‘Techniques Applied to 
the Analysis of Pilot-Induced Oscilla 
tions’, verified flight test 


control eng 
Group on 


Ineecr, 


theory by 








In many applications the right kind of relay 
will outlast and outperform any other circuit 
elements. 

Even the most eager advocates of static 
switching systems— where static-magnetic 
and solid-state elements are used to accom- 
plish functions usually performed by relays 
and other contact-making devices—now 
recognize this fact. 

The Clare Mercury-Wetted-Contact Re- 
lay, for example, has a life of billions* of 
faultless operations. It requires no mainte- 
nance. It can switch from 250 volt-amperes 
down to a faint whisper of voltage and cur- 
rent. It is the best dry circuit relay in exist- 
ence. More than that—it is completely free 
from contact bounce. 

THis is the relay that has become the main 
reliance of hundreds of leading designers 
of computing, data-processing and control 
equipment. For complete information write 
for Bulletins 120 and 122, C, P. Clare & Co., 
3101 Pratt Blvd., Chicago 45, Illinois. In 
Canada: 659 Bayview Avenue, Toronto 17. 
Cable Address: CLARELAY. 


GLA 





RELAYS 


FIRST in the industrial field 





*More than two years ago 


a life test was started on 
a group of these relays 
carrying a full contact 
load of 5 amperes at 50 
volts d-c with suitable 
spark suppression. They 
have been operating con 
tinuously ever since at 
5,184,000 operations a day 
They are now approach 
ing the 4-billion mark 
and the end is not yet in 
sight 








From 
TRANSMITTER 
to 
RECEIVER GAUGE 


unequalled 


sensitivity-dependa 
There’s never a question as to the 
accuracy of temperature or pressure readings 
when transmitted by USG Pneumatic Transmitters. 
And for accurate reception of signals from 
remote points, there’s nothing to match the 
sensitivity of the new USG Receiver Gauge. 
Consider these features: 


USG PNEUMATIC TRANSMITTERS 
e@ Sensitivity — Within 0.1% of full scale. iH 
e Accuracy—1% (indicating) or 44% (non-indicating) | 
e Designed to operate at remote points 
for long periods without attention. 
High sensitivity, linearity and freedom from 
dead spot assure the ultimate in control stability. 


USG PNEUMATIC RECEIVER GAUGES 
e Sensitivity— Within 1/10 of 1% of full scale. 
e Accuracy—+ 4 of 1% of full scale. 
e Diaphragms made of Ni-Span “C”’, a 
special high nickel alloy with a 
minimum thermal shift, even under 
wide variations in ambient temperature. 
e Available in 314’, 414", 6” and 815” 
sizes. , 
e Also available are 2”, 215” and 314” 
Bourdon tube actuated type 
receiver gauges. 
USG Transmitters and Receiver 
Gauges are part of USG’s line of 
creatively engineered process 
control instruments. The line 
includes gauges, pressure and 
temperature pilots, recorders and 
controllers. Write for catalogs, 


—_ | A 


Find Your 


{ 


|| Nearest Distributor ] 
in The | 
|| ‘Yellow Pages’ || 


a fe 
STATES GAUGE 
yy Division of American Machine and Metals, Inc. 
Home of the SUPERGAUGE Sellersville, Pa. 


MORE THAN 50,000 TYPES OF GAUGES » SUPERGAUGES »* SOLIDFRONTGAUGES « RECEIVER GAUGES « TEST 
GAUGES » RECORDERS » CONTROLLERS * TRANSMITTERS «© PSYCHROMETERS « AVIATION INSTRUMENTS 
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WHAT’S NEW 


and provoked a goodly number of 
questions. 

The second session got underway 
with a paper by Columbia Univer- 
sity’s Prof. J. R. Ragazzini on “Digital 
Controllers”. He described designs 
in which fast response is obtained 
by making the output-data rate a 
multiple of the input rate. According 
to Ragazzini, designs based on sim- 
plified-data theory lead to systems 
whose designs provide a compromise 
with fast response to ramp inputs but 
without undue sensitivity to step 
inputs. 

J. J. Kukel, Servomechanisms, Inc., 
then discussed “Sampling in Linear 
and Nonlinear Feedback Control Sys 
tems’. He described an extension of 
the Z transform in which the Laplace 
transform and its associated limita 
tions may be by-passed. Kukel said 
that nonlinear systems can be handled 
by this approach. C. W. Steeg of 
MIT outlined latest development in 
the “Design of Optimum Filters and 
Predictors” by extensions of the Wie- 
ner theory to time-varying systems. 

Other papers covered “Solutions 
of Statistical Problems by Automatic 
Control Techniques” by R. L. Cosgriff 
of Ohio State University and “The 
Role of Automatic Control in the 
Modification of Aircraft Dynamic 
Flight Characteristics’ by W. M. 
Turner, Hughes Aircraft Co. 

Most of those attending the meet- 
ings felt that much of the information 
presented was new and stimulating. 
But a feeling persisted that some of 
the papers were lacking in practical 
information. 

The IRE Professional Group on 
Automatic Control was plagued by 
some physical problems. ‘The highly- 
touted Waldorf Astoria Hotel—site of 
the control sessions—failed to live up 
to its storied reputation. Control 
engineers found their meeting room 
resembled a long tunnel with bad 
lighting arrangements. A tight sched 
ule complicated matters too. 


Los Angeles Section, IRE 





The Professional Group on Military 
Electronics of the L. A. section, IRE, 
sponsored a March meeting that put 
representatives of the military services 
on the griddle. 

The big discussion centered around 
the charge that military research and 
development people rely on big busi- 
ness for contract performance. H. L. 
Hoffman, president of Hoffman Radio 
and Hoffman Electronics, made a plea 
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MODEL 1400 MODEL 451 MODEL 312 MODEL 460 











It’s as simple as 1, 2, 3, for even untrained personnel to clearly and accurately make electrical 
measurements with NLS digital meters. Inch-high numerals are legible from 30 feet away. 

NLS originated the automatic digital voltmeter and now manufactures a broad range of these 
and other precise, related instruments for both laboratory and industry. Accuracy, ruggedness, 
and dependability are proven features of these digital meters for measuring resistance or 

voltage. Automatic data recording on Clary printer, electric typewriter, card, or paper 

punching equipment is available. Whatever your need for high speed, completely reliable 

electric measurement instruments, you'll find your answer in the NLS complete line. Write on 
your letterhead for the name and address of your nearest NLS representative, who will be glad to 


discuss your needs, or mail the coupon for full information on these high precision instruments. 


Originators of the Digital Voltmeter 


non-linear systems, inc. 


Del Mar, Calif. + Phone: SKyline 5-1134 


Digital Ohmmerers + AC-DC Converters «+ Data Reduction 
Systems + Digital Readouts + Peak Reader Systems 


* Binary Decimal Converters + Digital Recording Systems 


Range Volt- 
mercury wetted 
ximum life and 


MODEL 1400 \ 
meter — Utilize 
relays for 
reliability 
MODEL 451 General Purpose 
Voltmeter —For display or re 
cording of 001 to +999.9 
volts DC 

MODEL 312 High 
meter—For airborne 
digital conver t 
MODEL 460 High 
Voltmeter — For 
and strain ¢ 


Speed Volt 
inalog-to 


Sensitivity 
thermocouple 
systems 


One of the many EXCLUSIVE 
FEATURES pioneered by NLS 
Oil immersed stepping switc hes 
that insure trouble-free life and 
dependable operation 


NON-LINEAR SYSTEMS, INC 
Dept. 8-547 Del Mar Airport, Del Mar, Calif 
Please send techni 
AC or DC v 
] analog-to-digita 
converters 


al information on 
ohmmeters 


automatic testing 
systems 


tmeters 
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COMPANY 


ADDRESS 


CITY 
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Top py | WHAT’S NEW 
CO Mm p a n j es j n ; gt Tes for wider distribution of research con- 


tracts to “middle-sized” firms. Col. 
th CO t J. E. Johnston, chief, Western Ord- 
“ e mpu er nance District, defended the govern 


. ment’s activity, pointing out that 
field various-sized organizations were in- 
"a a ] volved in missile-development work. 

Other subjects chewed were: speci- 

fication problems—there was a com- 

plaint of too much duplication and 

too little standardization among the 

military services; military pressures for 

early delivery of research and develop- 

ment—several speakers pointed out the 

difficulty of predicting exact comple- 

tion dates for research projects. M.M. 





(photo courtesy of | 


“wneertn)” Magnetic storage 


DRUMS! 


Bryant Magnetic Drums are used extensively 
Reliability talk at .. . 
by Remington Rand—Univac and other leading 


manufacturers of electronic computers, be- “ 
Western Joint Computer 


Conference 





cause of their accurate, dependable perform- 


ance. These drums are used not only in digital 
At Los Angeles’ Statler Hotel, the 
Western Joint Computer Conference 
tape-to-card converters, but also as delay lines, synchronizers and convened on Feb. 26, 27, and 28. 
Although the theme “Techniques for 

Reliability” hit home for computer 

engineers, operating personnel and 

FEATURES systems designers, it apparently dis- 
suaded_ other professionals from at- 

@ Designed to purchasers’ requirements tending, because registration was well 


computers, inventory control systems and 


frequency generators. 


below last year’s figure 
@ Guaranteed accuracy of drum runout .00010” T. I. R. or less rclow last year's figure. 

In the technical sessions, the papers 
@ Air bearings or super-precision ball bearings emphasized the systems treatment and 


j i : Ww i ac ‘liability problems. 
@ Belt drive or integral motor drive, speeds to 100,000 RPM new approach to re ] : 

” chee A. W. Boldyreff of the Rand Corp. 
© Capacities to 5,000,000 or more binary digits started the sessions off with a general 
® Vertical or horizontal housing discussion of reliability from a SYS- 
tems standpoint. His opinion: reli- 
ability must be considered as a para- 

: ‘ter i :. TNR 

@ High density magnetic oxide coatin meter in systems anaylsis. 

“ iii Ps Ware, also of the Rand Corp., fol 
lowed, discussing reliability and com- 
puters. He pointed out that analog 
computers utilize feedback and need 
be reliable only on the average, but 

BRYANT GAGE and SPINDLE DIVISION a ie oa must have instantane 
ous reliz 

P. O. Box 620-L, Springfield, Vermont, U.S. A. Several papers of paramount inter- 

DIVISION OF BRYANT CHUCKING GRINDER CO. est to engineers in the process indus 
tries concerned methods of improving 
reliability of computers in control sys- 
tems. One of these, “Diagnostic 'Tech- 


@ Head mounting surfaces to suit 
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Three voltage ranges: 
0-200, 125-325, 325-525 VDC ame For all power supply needs 


7 through 1.5 amperes: 
1.5 AMPERE MODELS NEED ONLY 8%’ OF PANEL HEIGHT! 





(metered) (unmetered) 


MODEL €-1580M: 0-200 VDC, 0-1500 MA..580,00 MODEL ¢-1580: 0-200 VDC, 0-1500 MA....550.00 z AMB DA 
MODEL C-1581M: 125-325 VDC. 0-1500 MA..605.00 | MODEL €-1581: 125-325 VDC, 0-1500 MA... 575.00 


MODEL C-1582M: 325-525 VDC, 0-1500 MA...680.00 MODEL C-1582: 325-525 VDC, 0-1500 MA.....650.00 


POWER SUPPLIES 


Less space! Improved performance! 
Long, trouble-free service! 
800 MA MODELS NEED ONLY 7” OF PANEL HEIGHT! Transient free output! 


(metered) (unmetered) 


MODEL C-880M: 0-200 VDC, 0-800 MA...370.00 MODEL C-880: 0-200 VDC, 0-800 MA... Fills the need for compact, regulated DC power sup- 
MODEL C-881M: 125-325 VDC, 0-800 MA...345.00 MODEL C-881: 125-325 VDC, 0-800 MA. 


MODEL C-882M: 325-525 VDC, 0-800 MA...390.00 MODEL C-882: 325-525 VDC, 0-800 4A plies. Economy of panel space, functional simplicity, 
new quick-service features. 

Wiring, tubes and other components readily acces- 
sible. You can reach them easily, service them fast. 

400 MA, 800 MA, and 1.5 ampere models include 
new, high-efficiency, long-life, hermetically-sealed 
semi-conductor rectifiers. All Com-Pak models are 
constructed with hermetically-sealed transformers, 
chokes and capacitors. 











Condensed Data 


LINE REGULATION Better than 0.15% or 0.3 
Volt, whichever is greater. 


400 MA MODELS NEED ONLY 5'%4”’ OF PANEL HEIGHT! 


(metered) (unmetered) 

MODEL €-480M: 0-200 VDC, 0-400 MA...289.50 MODEL C-480: 0-200 VDC, 0-400 MA.........259.50 
MODEL C-481M: 125-325 VDC, 0-400 MA...274.50 MODEL C-481: 125-325 VDC, 0-400 MA....... 244,50 LOAD REGULATION Lega ene 0.25% a = 
MODEL €-482M: 325-525 VDC, 0-400 MA...289.50 MODEL C-482: 325-525 VDC, 0-400 MA........259.50 ot, whichever is greater. 


INTERNAL IMPEDANCE 


C- 200 Series ... . .Less than 6 ohms. 
C- 400 Series ... . .Less than 3 ohms. 
C- 800 Series Less than 1.5 ohms. 
C-1500 Series Less than 0.75 ohms. 


RIPPLE AND NOISE Less than 3 millivolts rms. 
Either positive or negative 
may be grounded. 

200 MA MODELS NEED ONLY 5'%"’ OF PANEL HEIGHT! AMBIENT TEMPERATURE Continuous duty at full load 

{metered (unmetered) na up to 50°C (122°F) ambient. 

MODEL €-280M: 0-200 VDC, 0-200 MA..274.50 MODEL €-280: 0-200 VDC, 0-200 MA.......184.50 UTPUT 

MODEL €-281M: 125-325 VDC. 0-200 MA..189.50 MODEL C-281: 125-325 VDC, 0-200 MA........159.50 (unregulated) ........... 6.5 VAC (at 115 VAC Input). 

MODEL €-282M: 325-525 VDC. 0-200 MA..199.50 MODEL C-282: 325-525 VDC, 0-200 MA........169.50 : 10 AMP 

15 AMP 
20 AMP 
C-1500 Series 30 AMP 


AC INPUT 105-125 VAC, 50-400 CPS 


OVERLOAD PROTECTION. ...AC and DC fuses; built-in 
blown-fuse indicators, 














SOHO SESEHSESESEHSSEEEEEEEHEHH HEHEHE H ESSERE 


Send for complete COM-PAK data 


LAMBDA Electronics Corporation 
11-11 131st Street, College Point 56, New York 


By return mail, send complete specifications 
on Lambda Com-Pak Power Supplies. 


LAMBDA 


Electronics Corp. 
11-11 131 STREET, COLLEGE POINT 56, NEW YORK 


Title 


z 
E) 
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HOW THERMTISTOR S CAR BEL See 


id 


Effecting Time Delay 
with 
GLENNITE® Thermistors 


An extremely effective time delay can be accomplished using 
Glennite. Thermistors. This method shows distinct advantages 
over conventional time delay methods because of Glennite 
Thermistors’ small size, long life, ruggedness and the elimina- 


tion of moving parts. 


The Glennite Rod Thermistor in the above schematic 
regulates current flow resulting in variable or fixed 
delay due to resistance change in the thermistor. 
Variable time delay can be obtained from a 


fraction of a second to several minutes. 


Glennite Thermistors are available in bead, 
probe and wafer units, too — with some 
units offering temperature coefficients 
up to 7% per °C. 


Complete technical specifications 
and typical applications are in the 
Brochure T-100 . . . write for your copy. 


FROM RAW MATERIALS TO COMPLETE SYSTEMS eee 


Thermistor Division 


ulton Industries, Inc. 


METUCHEN, NEW JERSEY 


GULTON IDUTTENES Wee 
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| WHAT’S NEW 


niques Improve Reliability’, by M. 
Grahams, R. K. Smith, and W. Statler 
of Boeing Airplane Co., dealt with 
programming. The authors reported 
that routines have been developed to 
detect errors, automatically record 
these errors, record other data, take 
corrective measures, and then continue 
to operate. 

The systems approach appears to be 
the key to reliability, according to 
B. K. Smith of Beckman Instruments. 
In his paper, “The Interpretation and 
Attainment of Reliability in Indus 
trial Data Systems”, he pointed out 
that system inertia may be used to 
keep the system under operation dur 
ing periods of computer failure. 

A new and interesting concept was 
presented by W. E. Smith, Aeronu 
tronic Systems, Inc. He described a 
digital system simulator in which flip 
flops and logical decision elements arc 
represented by coded patterns in stor 
age, rather than by physical circuitry 
As computation proceeds, changes arc 
made in the stored patterns in accord 
ance with the program instructions 
and the stored logic. But this simpli 
fication in equipment, said Smith, is 
attained at the expense of consider 
ably faster computation time. E.M.G. 


CONTROL BITS 


A transistorized-power reactor-con- 
trol system will be designed and built 
for the U. S. Navy by Fairchild Cam- 
era & Instrument Co. The Navy con- 
tract calls for developing components 
for a reactor power level measuring 
system that can measure neutron flux 
from the start-up range throughout 
the power range. 

o 

Cryotrons, tiny low-temperature de- 
vices, are making news again. Arthur 
D. Little Co. is using 250,000 cryo 
trons in an electronic catalog instead 
of 50,000 vacuum tubes. MIT devel- 
oper Dudley A. Buck says the device 
may be able to reduce large-scale digi- 
tal computers to only 1 cu ft in size. 
But two big disadvantages loom: 1) 
the devices can work only at 4.2 F 
above absolute zero; 2) slow speed. 

. 

A transistorized special purpose 
analog computer was shipped by Beck- 
man’s Scientific Instruments Div. to 
Baldwin-Lima-Hamilton Corp. for bal 
listic missile research test stands. 
Transistors and magnetic circuits re- 
place vacuum tubes for reliability. 





Dave F. 


Digital measuring techniques, having made possible 
automatic handling of test data from wind tunnel, engine 
test and similar applications, have also focused attention 
on other areas. 


Before the advent of digital techniques, most testing 
was satisfied by analog recording with manual transcrip- 
tion of data for further data reduction. In the majority of 
cases, each variable was handled as an independent in- 
strumentation channel. Demands for greater precision 
and accuracy made digital instrumentation desirable. In- 
crease in the number of measured parameters further 
demanded time-sharing of expensive items of equipment 
to maintain overall costs within economic limits. The re- 
sult has been that the problems have become systems prob- 
lems rather than primarily instrumentation problems. 


A simplified test problem may be considered to be the 
acquisition of data from a multiplicity of transducer ele- 
ments, representing pressures and temperatures in a 
digital form, for direct evaluation and in a reproducible 
form for further data reduction or data processing. Even 
though techniques and equipment are available for ac- 
complishing the requirements, additional problems arise, 
which must be delicately handled from the standpoint of 
overall accuracy. A typical example is the wide range of 
full-scale values of measured pressures. 


Full-scale ranges of pressure measurements may vary 
from a few inches of mercury to several hundred inches. 
Transducers operating at 300 inches of mercury may not 
be used for precision measurements over the range 0-30 
inches of mercury because even with an accuracy of 0.1% 
at the higher range, the error is .3” Hg which becomes a 
1% error in the lower range. With the rapidly increasing 
cost of transducers for accuracies better than 1%, a de- 
cision is required as to the way that cost may be best 
balanced against overall accuracy. Several solutions are 
immediately suggested: (1) supply a transducer of the 
proper range for each pressure; (2) supply a single pres- 
sure measuring system with an accuracy approaching 
.01% of maximum range; or (3) supply several trans- 
ducers covering portions of the range with automatic 
selection of the proper transducer. Each of the solutions 
may offer the same degree of compromise, yet each pre- 
sents its own inherent problems. A transducer of high 
accuracy for each pressure can become costly for large 


discusses DATA SYSTEMS 


Dave Taylor discusses instrumentation in 
data handling systems. 


numbers of pressures and for required calibration time. 
A single pressure measuring system of extreme accuracy 
carries with it attendant switching of pressure lines and 
likely serious pressure stabilization time, as well as auto- 
matic selection complexities. Each solution may be con- 
sidered equally proper for individual cases. A satisfac- 
tory choice of method can only be made in consideration 
of the overall aspects of the particular problem. 


It is evident that digitization has brought instrumen- 
tation problems into a tightly integrated unit. For im- 
provement of present systems, early digitization of the 
analog signal is essential. When a truly digital transducer 
is developed, a completely digital system will be possible. 
Then new concepts will be applicable and the physical 
aspects of the measured parameters will become the 


major limiting factor of the system. 

By applying the latest proven techniques, our well-qualified staff 
at Daystrom Systems is prepared to take single responsibility of 
assembling and installing a system to meet your needs. We are cur- 
rently compiling a file of neu ap plic wion ind papers on various 
parts of systems, both industrial and military. If you are interested 


in receiving the file and periodic additions, please write us. 


| oyernom SYSTEMS 


Division of Daystrom, inc., 5640 La Jolla Bivd., 
La Jolla, California, Tel. GlLencourt 4-0421 





WHAT’S NEW 
hatched out with 


Automatic Testing 
ona the man from . . reaps unexpected 


dividends at Westing- 

house’s Air Arm Div. as 

lop i“ i L Li & be oe transfer of responsibility 
for decisions from man to 

| machines downgrades 

skills required for testing. 





When Westinghouse’s Air Arm 
Div. was faced with an acute shortage 
of highly skilled technicians for test- 
ing aircraft control systems, the com- 
pany decided to try automatic test- 
ing techniques. After 18 months 
developing such gear, Westinghouse 
reaped unexpected dividends 

P testing time per system was cut 
from 1,000 to 200 hrs 

> quality, particularly of spare parts, 
improved significantly 

P labor skill required for testing 
was down-graded 

P new concepts of job-shop pro 
duction were developed 

In developing automatic testing 
equipment, Westinghouse’s objective 
was to transfer the responsibility for 
making decisions from technicians to 
machines. A study of their testing 
procedures showed that five areas 
were prime targets for action 1) com 
ponent testing at incoming inspec- 
your problem tion and transformer manufacturing; 


c | 2) wire-harness checkout at the assem- 
COIL CHARACTERISTICS hard-boiled? Type 4C was developed for cod- | jj.) aces: 3) unit and subassembh 
ages; an 


Operating voltage: up to 200 volts D.C. 
Resistance: up to 16000 ohms aie - 
Single or double wound tivity and long life in a minimum space. It | 5) composite testing 
Operating time: 0.050 sec., max. . . irae 3 Technicis re 
aa tama regen possesses a highly efficient magnetic circuit * Technician grades—Ihe company 


ee, ee uses a system that grades technicians 
operating on a minimum of power. The arma- © 
from one to 11. A grade 11 techni 


CONTACT ASSEMBLY ture backstop on Type 4C is stainless steel clan is just a cut below an enginecr; 
All forms A, B, or C for maximum strength while the armature is , grade one technician is at the other 


Single or double pile-up +s a v . : ting ; 
Code #4 Pallediom contects, fixed to a precision-ground stainless steel pin. end of the scale. Westinghouse was 


standard A standard Phillips Type 4 contact spring as- | “Sing grade 8 and 9 technicians 
Other contacts available almost impossibl to hire in Balti- 
more’s tight labor market—for testing 
before the automatic equipment was 
available. Type 4 coils are available single or developed. After it was installed, the 
double wound, with time delay slugs and company was able to accomplish all 


VARIATIONS special windings for high-temperature and/or _ testing using only grade 3 technicians, 
Plug-in mounting and terminals 


i idi ho were easier to hire and to train. 
' ae high humidity. W Te 
Printed circuit terminals & y When production tripled, the higher 


a Let the “man from PHILLIPS” resolve grade technicians were required to 
Hermetically sealed your relay circuit problems. service the automatic equipment and 
to troubleshoot. 

Westinghouse invested almost a 
million dollars in designing and build- 
ing this gear: 

HERMETIC SEALS, MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS, ACTUATORS > Automatic Molded Unit ‘Test 


Set—makes static and dynamic _ tests 
of molded units in quantities 
> Automatic Turns Ratio—checks 


the electrical relationship between the 
PHILLIPS CONTROL CORPORATION . . . JOLIET, ILLINOIS 


AN ALLIED PAPER CORPORATION SUBSIDIARY 








dling those requirements of maximum sensi- | testing; 4) major assembly testing; 


sembly is used, however, all variations in con- 


MOUNTING tact arrangements and contact materials are 
Two No. 4-40 tapped holes, standard 
Other mountings available 


SALES OFFICES: NEW YORK - PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA MONICA 


WASHINGTON - WINSTON SALEM - CLEVELAND - DALLAS - SEATTLE - KANSAS CITY - ST. LOUIS - DETROIT 
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TECHNIQUES ond DEVELOPMENTS 


in oscillographic recording 
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RECORDING METHOD USED IN SANBORN DIRECT 
WRITERS, AND A REVIEW OF THEORETICAL AND 
ACTUAL ERROR FACTORS 


tion. Error as a function of deflection then becomes: 


Theoretical Corrected Corrected 


Figure 1 shows the basic scheme by which Sanborn D mms Radians Error « Error 6 Error in mms 
oscillographic recording galvanometers produce graphic 

: ; , ‘ . : 10 10 .0033 0 0 
records of electrical signal values. If the rapid deflection 
action of the heated ribbon tip stylus is visualized when 15 15 .0075 .004 06 
current flows in the coil, it can be seen that a straight line 20 ‘ 0133 
at right angles to the chart length is recorded on the chart, 
at the point where the chart is drawn over a knife edge. 


The trace, therefore, is a true rectangular co-ordinate graph. 


Since this is essentially a process of expressing coil 

(or stylus) deflection angles in terms of distances on a chart, 
the trigonometry of the situation (Fig. 2) must be examined 
to ascertain the accuracy of the method. Initially, and 
when @ is small, the tangent and the angle are almost equal 
numerically. The expression D = R tan @ can, therefore, 
be rewritten D = R@ (approx.). To the extent this latter 
expression is true, deflection distances (rather than deflection 
angles) are an accurate 

measure of signal val- 

ues. But to determine 

the extent of error re- 

sulting from using this 

approximation, the fol- 

lowing data have been 

calculated*, using a 

chart width of 25 mm 

either side of zero (““D"’ 

in Fig. 2) and effective 

stylus length of 100 

mm (“R” in Fig. 2) in 

the series expansion 

for the tangent func- 


When the recording system is calibrated, that calibra- 
tion is often made on the basis of a one centimeter deflection 
from the chart center, or by means of a two centimeter de- 
flection starting one centimeter below chart center and 
finishing one centimeter above chart center. In either case 
the deflection at one centimeter from chart center is accepted 
as the standard, and, therefore, is without error. The fore- 
going table can therefore be corrected by subtracting .0033 
from each of the error terms to show the error, 6, to be 
expected in actual use. The final column in the table shows 
this error in mms. 


Since the active length of the stylus increases as @ 
increases, deflection D increases more rapidly than @. All 
positive error terms in the series expansion bear this out, but 
the error terms would occur as predicted only if the galva- 
nometer produced deflections exactly proportional to coil 
currents (that is, ideal spring properties in the torsion rods 
and uniformity of magnetic field). Pole tips in Sanborn 
galvanometers are proportioned so that in maximum deflec- 
tions, galvanometer sensitivity decreases slightly, the com- 
pensation resulting in actual linearity better than that 
predicted in the table. 





* The mathematics involved here, as well as a discussion of fired length stylii, design parameters affecting over-all 
galvanometer performance, eic., are contained in an article by Dr. Athur Miller “Sanborn Recording Galeanom- 
eters’’, published in the May 1956 Sanborn RIGHT ANGLE. Copies are available on request 
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RECOGNIZE A “150” RECORD PP 


ycle range. Descriptive liter 


BY THESE THREE FEATURES... igen ature is also available 


1% Linearity 


+ + + resulting from 
use of current feed- 
back Driver Ampli- 
fier in each channel, 
high torque golva- 
nometers of new 
shorted coil frame 
design. Coil current 
of 10 ma develops 
200,000 dyne cm 
torque, sensitivity is 


Rectangular 
Coordinates 


+ +» save analysis 
time, simplify inter- 
pretation ond cor- 
relation of multi- 
channel records. No 
waveform curvature, 
negative time lines, 
etc. 


Permanent 
Inkiess Traces 


+ « » made by hot 
nichrome ribbon tip 
of stylus on heat- 
sensitive Sanborn 
Permapaper. Clear, 
smudge-proof 
traces thot clearly 
reveal minute sig- 
nal changes, 


request, providin 


g 

Sanborn 1-, 2-, 4-, 
¢ 
) 


8-channel 


10 ma/cm defiec- 





SANBORN 
COM PANY 


Industrial Division 
175 Wyman Street, Waltham 54, Mass. 
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<’ gyros 


“Cubic Inch" rate and integrating types 
for missile and rocket guidance systems 
Ideal for all applications involving 


severe environmental conditions. 


pressure transducers 


Absolute and differential types for use with nitric 
acids, 90% hydrogen peroxide, UOMH and other 


corrosive propellants and oxidants, at pressures:up to 





4000 psi and temperatures as high as 500°F. 


RAHM INSTRUMENTS, INC. 


237 Lafayette Street, New York 12, N.Y 
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WHAT’S NEW 


number of turns in any transforme! 
of multiple winding 

> Automatic Computer ‘Test Stand 

Sets up various input parameters 
to establish whether the computer 
can do flight problems satisfactorily. 

> Automatic Cable Harness Checker 

checks each wire to make sure it 
is connected to the right point, then 
proceeds to hi pot every wir 

> Automatic Function lester 
makes continuity, leakage, resistance, 
impedance, ac and de measurements 
at a rate of three tests a second 

> Potentiometer Checker—makes 
50 checks of resistance (to 0.05 pel 
cent per exact angular position) on 
ganged precision potentiometers. 

Almost as impressive to Westing 
house executives as the time savings 
was the improvement in quality that 
resulted from the use of the auto 
matic equipment. As S. W. Herwald, 
manager of the division, put it, “Men 
can make mistakes, machines don’t.” 
Westinghouse found that computers 
were coming up to final inspection 
with as many as 50 errors them, 
despite 1,000 hours of inspecting by 
high-grade _ technician Now _ the 
faults average two per computer. 

e Branching out—Among the new 
ideas that Westinghouse management 
is chewing over as a result of this 
program is the extension of automatic 
techniques to production—even the 
job-shop types of operation. ‘The engi 
neers who developed the automatic 
test equipment have been shifted 
to the study and design of numerical 
control for machine tools. First step 
control of punch press¢ ind drill 
presses used to fabricate chassis. 

Still another idea that seems prom 
ising is the extension of automati 
testing techniques to field service 
Herwald pointed out that the armed 
services have the same problem that 
prompted Westinghouse to use auto 
matic testing: an acute shortage of 
highly-trained technicians 

e For the field—Some day, Herwald 
says, a soldier or airman will simply 
have to move test gear up to a plane, 
connect it to the craft’s control sys 
tem, and push a button. Major road 
blocks right now to such a scheme are 
reliability of |components—getting 
them to withstand tough field and 
environmental conditions—and size. 

There is one final note of interest 
on this project. The engineers who 
designed the test equipment have 
gone about as far as thev can: the\ 
have to wait now for the engineers 
who design the control ; to 
modify them for ; 





Sometimes you can guess at torque...BUT 


With SR-4 Torquemeters, you can measure and control 
all industrial torques to+Y%% accuracy 


It isn’t necessary to measure the exact amount of torque in order 
to wring out a dishcloth. But in industry, it’s often vital that the 
exact amount of torque on a shaft be known. 


You can use Baldwin SR-4 Torquemeters to measure a few inch- 
ounces or thousands of foot-pounds, and with consistent accuracy 
to within +44%. They convert torsion changes directly into changes 
in electrical energy, measure torque independently of speed, and 
take no power from the drive shaft. A wide variety of instruments 
can be used with SR-4 Torquemeters, ranging from millivoltmeter 
and battery to a computing instrument reading horsepower directly. 


Baldwin SR-4 Torquemeters offer unlimited application oppor- 

tunities. Present uses include torque measurement of viscosity, 

in engine dynamometers, for pump testing, in propeller drive shafts 

and helicopter rotor assemblies, and hundreds of other applications so Type mh a Torquemeter is a self-contained _ with 

: : ‘ sa ial ousing and brush assembly suspended on a shoft by 
; < oro ) y. . . a 

m design ind ab duction testing ball bearings. It employs SR-4 Bonded Wire Strain Gages 


Whatever your torque measurement problem, a B-L-H representative in a Wheatstone bridge circuit. Baldwin torquemeters 
- eal d pete: —yae ie inte informant SR-4 have been built for shafts from % in. diameter to 18 in.; for 
IS ready to serve you. For me re comp ete ini¢ rmation on SK- zero rpm to 35,000 rpm; and from 10 in.-oz. capacity 
Torquemeters, write today for your free copy of Bulletin 4308. to 4,200,000 in.-Ib. 


BAULUDWIN - LIMA: HAMILTON Pn ® 


Blectronics & Instrumentation Division 


Walitham, Mass. 


SR-4© strain gages * Transducers * Testing machines 





Today’s Modern Industry 
Demands a Modern Thermometer 


ALMER 


RED-READING MERCURY THERMOMETERS 


Red-Reading 
Mercury 





Extruded 
Brass Case 








Chrome 
Finish 











Ranges 
-40 to 950°F 
or 
Equivalent 
in °C 


Write for 
Complete 
Information 


Ask for 
Bulletin No. 35 

















ae 
NN 


Consult your 
Classified Directory 


PALMER 


THERMOMETERS, INC. 


Mfrs. of Industrial Laboratory, 
Recording and Dial Thermometers 
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WHAT’S NEW 


AROUND THE BUSINESS LOOP 


IBM Shares Go to Market 
for First Time in 32 Years 


For the past 32 years stockholders 
of IBM who wanted to increase their 
share-holdings had to be content with 
occasional stock-splits; no additional 
shares had been put up for sale since 
1925. This May 21, when subscrip- 
tion warrants will start going out to 
security-holders, the corporation will 
write finis to the long stretch of no 
public offerings. Purpose of the sale is 
to raise about $200 million of capital 
funds, and only those who hold stock 
now will be able to buy. 

Beneficent directors have another 
happy surprise in store for the stock- 
holders, too, in the form of a stock- 
split, which will provide an additional 
full share for each share now held. A 
second-quarter cash dividend of 60 
cents per share, including the shares 
to be issued in the split, is also in the 
works. Payable June 10 to holders of 
record on May 21, it will be equal to 
an increase of 20 percent on the stock 
outstanding before the split, which 
will have taken place approximately 
1 month before. 

The additional equity capital to be 
furnished by the stock sale is required 
to keep pace with the increased orders 
being received for IBM’s electronic 
data-processing machines and its other 
products, President ‘Thomas J. Wat- 
son Jr. explained. 


P&W, NBS to Slice Inch 
into Tenths of a Millionth 


In 1880 Pratt & Whitney Co. suc- 
ceeded in achieving an exact standard 
of measurement within a limit of one 
fifty-thousandth of an inch, a measure- 
ment that gave birth to the first 
standard inch. Since that time the 
company has continued to make 
steady improvements on its own pre- 
cision, and today many of the end 
gages coming off its line have accu- 
racies of plus or minus two-millionths 
of an inch. But modern machining 
operations have more than kept pace 
with refinements in the inch, and 
these operations are demanding, in 
the words of Vice-President Edward J. 
Shages, “a degree of accuracy never 
before obtained’. 

The first stop on the road to this 
degree of accuracy is one-tenth of a 
millionth of an inch, approximately a 


30,000th part of the thickness of a 
hair—and P&W is steaming toward it. 
It has assigned Albert M. Dexter Jr., 
gage research director, to a joint in- 
dustry-government project conducted 
by the National Bureau of Standards 
and directed by Irvine C. Gardner, 
chief of the bureau’s Optics & 
Metrology Div. 

James B. Wilkie, manager of 
P&W’s Gage Div., who explained that 
the wave-length of light will be used 
to get the new tolerance, said the 
project involves determining means to 
control temperatures to 1/100 deg F, 
and to control humidity, vibration, 
and barometric pressure, and an accu- 
rate means of measuring the “wring- 
ing interval” or “infinitesimal lengths 
of space” between gage blocks. 


NCR Polishes Prototype of 
New Business-Data System 


From information which it took 
two years to collect, The National 
Cash Register Co. has extruded speci- 
fications for a brand new business-data 
processing machine. A prototype of 
the NCR 304, a fully transistorized 
system built around an _ electronic 
computer, is now being constructed 
and should be completed this year. 
The first production model is sched- 
uled for delivery in 1959. General 
Electric Co., also in on the project, is 
designing many of the 304’s key elec- 
tronic computing elements. NCR, 
which is building the electromechan- 
ical parts, will do the selling and serv- 
icing when the system goes on the 
market. Departments of both com- 
panies closest to the 304 are GE’s 
Computer Dept. in Phoenix, Ariz., 
and NCR’s Electronic Div. in Haw- 
thorne, Calif., and its Engineering & 
Product Development Div. at Dayton, 
Ohio. 

The development of the 304, inci- 
dentally, marks NCR’s entry into the 
electronic computer ficld, an entry 
which takes on special significance in 
light of the talk of an NCR-Under- 
wood Corp. merger. Crux of this talk 
is that Underwood may give up manu- 
facture of large-scale computers and 
concentrate on smaller machines, 
particularly the Elecom 50, a $25,000 
unit. There appears to be no con- 
nection between the possible merget 
and Underwood’s change in policy, 
and in fact it is hard to imagine a 





Eight years of 


proven Stability and reliability 














Amplification for multichannel recording 


Companies who purchased Consolidated’s System D 
when it was first introduced eight years ago report 
that these same amplifier systems are still giving 
consistently stable, high-precision performance in 
steady use. Maintenance costs have been negligible. 

Rugged, lightweight construction and ability to 
perform over a wide range of temperatures make 


Amplifier System D ideal for laboratory, field, and 
flight-test applications. A typical System D consists 
of any combination of linear/integrating amplifiers 
and/or carrier amplifiers up to a maximum of 12 
channels, a combination oscillator/power supply, 
and a shockmount base. Contact your nearby CEC 
field office, or write for Bulletin CEC 1403-X2. 


Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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Your Demands Created | | wars new 
company like Underwood turming 
over large-computer manufacturing 
facilities to a company like NCR, 


which is just getting started in the 


business. 
SILICON POWER RECTIFIERS isn s020s cys 


called that at this time) stems from 
strictly intracompany developments. 
It is said to be the only computer 
maker to have slipped financially in a 
period of hearty traffic in complex 
ofhce machines. For specifics, see the 
article below on 1956 statements by 
control manufacturers. Underwood 
also cites as reasons for the move: th« 
very expensive R&D work associated 
with the big computers, the relatively 
small market for them, and the in 
flexible long-range capital require 
ments which they necessitate 





Most Control Firms Submit 
Favorable 1956 Statements 


In the last weeks many control firms 
have prepared and submitted year-end 
statements for the vear 1956. Among 
them: 

American Bosch Arma Corp.: Sales 
; earn 
Sarkes Tarzian series type SM silicon rectifiers | ings up from $3,383,568 to $4,626,- 


. . , . 357; military backlogs of the Arma 
provide the practical, low cost solution to the high volt- and Chicago Divs. up from $175 mil 


age silicon rectifier problem. Stable characteristics in- lion to $300 million, due 
herent in low voltage junctions are carried over to this | to work on the defensive system for 


principally 


: oo Oe : the B-52 jet bomber, and to develop- 

series. If your application calls for high temperature | ment and production of an ICBM 
and high voltage, send for complete information. guidance system. 

American Electronics, Inc.: Net 

ELECTRICAL RATINGS sales up 75 percent to $10,379,641; 


t income 2 percent to $376,- 
— SS net income up 42 percent t ), 
Peok 
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Max. Recurrent Surge we 


Inverse Max. RMS Peak 4MS Max Clevite Corp.: Sales up from $73, 
Volts 100°C 150°C 100°C | 150°C | 100°C |150°C No 088.935 to $75,111,784 





net income 
800 1.12 560 4.5 2.25 |27.0 |13.5] 1N1108 down from $4.854.753 to $3,971,593. 


1200 1.06 530 4.25 | 2.12 {25.5 | 12.7] 1N1109 FE. I. du Pont de Nemours & Co., 
1600 1.00 500 4.00 | 2.00 |24.0 | 12.0] INI110 Inc.: Sales down 1 percent from a 
2000 940 | .470 3.75 | 1.87 122.5 [11.2] IN1191 record 1955 to $1,888,000,000; net 
2400 875 | .437 3.50 | 1.75 |21.0 | 10.5] 1N1112 earnings down 13 percent; average op 
2800 812 | .405 3.25 | 1.62 119.5 9.7 | ININN3 erating investment up 7 percent. 


DIMENSIONS General Precision Equipment 
Corp.: Sales up 15 percent to $153, 
Bte- # Figure | JETEC 261,864; backlog up from $127,192, 
se nia B NO 000 to $167,660,000; net profit down 

] 1-15/32 31/32 1N1108 from $2,530,758 to $2,394,729; net 

\ { | 1-15/16 1-7/16 1N1109 capital loss about $3 million. Among 
2-13/32 1-29/32 1N1110 adverse factors blamed for the lower 
Ath 4 2-7/8 2-3/8 IN111) 56 figures were a protracted strike at 
3-11/32 2-27/32 1N1112 the International Projector Corp. of 
3-13/16 3-5/16 1N1113 Bloomfield, N. J now Simplex 
Equipment Corp.), liquidation of 

Ampro Corp., and losses on a fixed 


RECTIFIER DIVISION price military contract. 


General Transistor Corp.: Net in 
415 N. College Ave., Dept. CE-1, Bloomington, Ind 


4 come $183,784, compared to a_ loss 
F $5,720 955, the firm’s first vear 
a v4 a a a IN CANADA: 700 WESTON RD., TORONTO 9, TEL. ROGERS 2-7535 of $5,720 in 1955, the fr 


EXPORT: AD AURIEMA, INC.. NEW YORK CITY G. M. Giannini & Co., Inc.: Sales 
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What's your pressure problem? 


CASH STANDARD 


has the answer... 7 will find one | 


HERE ARE FOUR TYPES FOR MANY APPLICATIONS 


TYPE 1000 — A sstreamlined, 
high capacity valve for close 
pressure regulation —accurcte 
even under toughest working 
conditions. Closes against the 
flow, eliminating conditions that 
cause chatter. Sizes: 4,” to 


2”, screwed ends. Bulletin 962. 


casnlS 


TYPE D — A general purpose 
regulator with exceptional reg- 
Now 


improved to permit easier serv- 


ulation characteristics. 
icing but basically the same 
dependable valve offered for 
over 35 years. Sizes: Y," to 
2”. Bulletin 950. 


TYPE 1260 — A high capacity 
pressure regulator, small and 
well proportioned. Available 
with spherical, self-cleaning in- 
ner valve. Suitable for air, 
water, steam, oil and most 
fluids and gases. Sizes: 2", 
¥,", 1", screwed ends. Bulletin 


S-700. 


TYPE 3381 — A small, com- 
pact, all-bronze pressure regu- 
lator, very accurate and 
dependable. Available with 
pressure gauge mounted in one 
of the two outlet connections. 


“”“ 


For small lines. Sizes: ¥4" and 


3%,”, screwed ends. Bulletin 


948. 


There's a Cash Standard requlaton 
for every pressure control problem / 


For an individual solution to your control problem, contact the 
Cash Standard control specialist in your area, or write Dept. F, 


STANDARD 


A. W. CASH COMPANY, P. O. Box 551, Decatur, Illinois 


Pressure, Hydraulic, Temperature, Process and Combustion Controls 
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AMPHENOL’s Blue Ribbon connectors have gold- 
plated “ribbon”-like contacts and diallyl phthalate 
dielectrics. They are available with guide pin or con- 
tact barrier polarization and as inserts with mounting 
plates or in keyed shells. Up to 32 contacts are pro- 
vided in standard size connectors and as many as 
50 in new Micro-Ribbon versions. 


In hundreds of rack & panel applications, Blue 
Ribbon connectors are providing reliable, quick con- 
nection for plug-in sub-assemblies. Performance 
proved, Blue Ribbons can do an equally efficient job 
for you. 


| WHAT’S NEW 


up nearly 50 percent to $9,510,091; 
backlog more than doubled to $6,230,- 
000; net income $339,521. 

Hazeltine Corp.: Earnings up from 
$1,604,824 to $1,873,162. 

International Resistance Co.: Net 
sales up from $15,684,722 to $16,- 
787,913; profits slightly down from 
$533,296 to $523,416. 

Link-Belt Co.: Sales up 27 percent 
to $163,921,863; net earnings up 46 
percent to $11,072,134. 

Minneapolis-Honeywell Regulator 
Co.: Sales up 18 percent to $287,944,- 
490; net profits up from $19,278,648 
to $22,463,657; capital expenditures 
up from $13,051,700 to $15,396,100; 
working capital up from $86,086,490 
to $111,385,862; aeronautical and 
ordnance backlogs largest in history. 

National Research Corp.: Net in- 
come of $849,393, compared with a 
net loss in 1955 of $337,381; net 
capital gain of $646,500. These figures 
indicate profits in excess of earlier 
estimates. 

Norden-Ketay Corp.: Sales up 68 
percent to $22,752,993; net loss up 
from $236,203 to $505,280; backlog 
up from $21 to $24 million. 

Robertshaw-Fulton Controls Co.: 
Sales up 13 percent to $72,640,000; 
net income up 15 percent to $4,- 
220,000. 

Stewart-Wamer Corp.: Sales up 7 
percent to $121,264,742; net income 
up 8 percent to $6,632,399 (the high- 
est in 27 vears); inventories up 3 per- 
cent. 

Texas Instruments, Inc.: Sales up 59 
percent to $45,699,358 (military: up 
45 percent to $12,850,247, or 28 per- 
cent of the total); net earnings up to 
$2,349,103. 

Tung-Sol Electric, Inc.: Net sales 
up 5.3 percent to $53,838,822; net 
earnings down from $3,239,393 to 
$2,909,397. 

Underwood Corp. (for the first 
nine months of 1956): Net sales $62, 
306,088, resulting in a deficit of $5,- 
831,005. This deficit is said to have 
been stopped from getting any larger 
by a fast decision to abandon R&D 
work in large-scale computers (see 
story above). 

U. S. Industries, Inc.: Sales up 30 
percent to $105,431,774; net income 
up 9 percent to $4,413,816. 

Walworth Co.: Net sales up from 
$51,609,026 to $84,308,978; net in- 
come up from $2,354,141 to $4,476,- 
051; net capital $22,965,187. 

Westinghouse Electric Corp.: Net 
sales up 6 percent to $1,525,375,000; 


Continued on page 182) 





No matter what 
factors govern your 
choice of precision 
components... 


THE ANSWER IS HERE 


The Fairchild line of precision components includes forty-two 
standard types of precision potentiometers, pressure transducers 
and accelerometers. Please note that this does not include any of 
the countless specials or design variations on basic units that we 
have made for various customers . . . or could make for you. 


The 42 standard types embody seventeen basic product 
categories including wire wound or metal film, single- or 
multi-turn, linear and non-linear in both phenolic and metal cases; 
and high temperature types. Pressure transducers, accelerometers, 
trimmer potentiometers and linear motion potentiometers are 
also available. 


In all these, Fairchild’s continuing and extensive research now 
provides you with the optimum designs for size and functional 
conformity to best meet your individual needs. Whatever your 
potentiometer or transducer problem is, let Fairchild help you. 
Write for our new condensed catalog. Fairchild Controls 
Corporation, Components Division, Dept. 140-82C. 


EAST COAST WEST COAST 
225 Park Avenue 6111 E. Washington Bivd. 


PRECISION POTENTIOMETERS 
and COMPONENTS 
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Actual Sizes 


This new polarized relay, de- 
signed and manufactured by 
Siemens & Halske Company 
of Germany, is now available 
from Allied Control, and in 
the near future will be pro- 
duced by Allied with the tech- 
nical assistance of Siemens 


& Halske. 


= SA SO AORN GE a 
} 


Allied Types |, Allied Types 
Tris 163-169 Ri dia Tris 193-199 





5 
- MAX. of = bs 3 —— MAX - -| 2— MAX. & 
64 8 32 2 


Trl 193-199 
ris 163-169 with SOLDER TERMINALS ge ph 
with OCTAL BASE 




















Type Number 


Description 





Tris 163 | Tris 164 
Tris 193 | Tris 194 


Contact 
Pressure 


Amp. Turns 


Power 


Contacts: 





ee ‘Tris 163-169 


Tris 193-199 
“Working” Excitation 
“Release” Excitation 


Max. Rate of Operation 


Silver, General Purpose 
2 amp., 28v d-c resistive load 


Platinum Alloy A. Low-Level 
Applications up to .5 amp. 
Platinum Alloy B. Heavy Duty 
Applications above .5 amp. 


Max. Continuous Current 5 amps. 





Tris 165 
Tris 195 


Dielectric 
Test 
Voltage 


Standard 
Coils 


Tris 166 | Tris 167 


Tris 168 | Tris 169 


Spring Null Spring 
Biased | Center | Biased 


;- i = 


160 | 2250 


195 | 2750 


——— Ew 


0 | 2 


Coil to Frame 500v rms. 
Contact to Contact 350v rms. 
Contact to Frame 500v rms. 


Winding to Winding 150-500v rms. 


~ Resistances from Ll to 18,000 ohms 


Max. number of windings 3 
Max. Continuous Loading _1 watt 





~ Max. Ambient 85°C 


NEW 


UNIVERSAL 


SYSTEMS 
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meet 90% of magnetic tape data 


You get all the precision and 
accuracy of a custom design and 
the off-the-shelf availability and 
dollar savings of a “‘package’’ de- 
sign in Davies new Universal Tape 
Systems. 


Every component has been de- 
signed to provide maximum flex- 
ibility consistent with overall sys- 
tem accuracy. Interchangeable 
electronics match the system to 
your individual requirements... 
now and for years to come. Specify 
a Universal System that satisfies 
your immediate requirements .. . 
adding tracks of data capacity as 
requirements grow. 


Any one of the maximum of 
fifteen tracks provided can carry 
data recorded by any one of the 
three major techniques. Inter- 
changeable Direct, FM, and PWM 
electronics assure you a vital data 
recording system .. . able to han- 
dle each new job as it arises. 
Standard options are also available 
to meet the special needs of tele- 
metering and multiplexed data. 


Among the features of a Davies 
Universal Tape System never be- 
fore available in “package” equip- 
ment are six tape speeds at the flip 
of aswitch... automatic switching 
discriminators that match tape 


— at the transport . . . precise 
phase coincidence of data among 


all tracks . . . and facilities for elec- 
tronic flutter-and-wow compensa- 
tion. Every item has been proved 
through years of service in jets, 
missiles, and on the ground. 
Here’s a brief rundown of the 
options available to you when 
specifying a Davies Universal 
Tape System that will grow with 
your recording requirements: 


Transport: Standard transport of- 
fers up to six speeds, selectable at 
the flip of a switch. Precision 1014” 
or 14” reels available for 1’’ or 
114” tape. Three-speed transport 
optional for PWM systems. 


Heads: In-line multitrack heads 
permit up to 15 tracks on 114” 
tape, assure precise time and phase 
coincidence of data among all 
tracks. Separate record and play- 
back heads provided. Interleaved 
head stacks permitting up to 30 
tracks on 114” tape, optional for 
telemetering, other applications 
not requiring data coincidence. 


Direct Recording electronics record 
and playback data from 100 to 
100,000 cps. Ideal for high fre- 
quency data, also for recording 
complex wave forms made up of 
many frequency multiplexed sig- 
nal channels. Bandpass type dis- 
criminators provided for recover- 
ing multiplexed data. 


FM electronics frequency modu- 


Obtain your Scotch Brand recording tape for ail instrumentation recording needs at your nearest Honeywell industrial Sales Office. 
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recording needs 


late a stable carrier with the data, 
to provide extremely accurate data 
reproduction, independent of tape 
variations. 
Pulse Width Modulation (PWM) 
electronics permit up to 90 chan- 
nels of quasi-static data on each 
tape track. All PWM electronics 
are compatible with standard key- 
ers and decoding equipment. 
Flutter-And-Wow Compensation 
electronically eliminates the ef- 
fects of tape speed variation. In- 
cluded as standard equipment 
whenever discriminators are used 
for data recovery, they can be 
accommodated by every Universal 
Tape System. Compensation per- 
mits FM channels of a Universal 
Tape System to preserve a high 
signal-to-noise ratio—better than 
50 db at 30 ips, for example. 
COMPLETE INFORMATION on 
Davies new Universal Tape Sys- 
tems, and how they can satisfy your 
magnetic tape data recording needs 
is provided in Bulletin 2701. Write 
for your copy to Minneapolis- 
Honeywell Regulator Co., Davies 
Laboratories Division, 10721 
Hanna Street, Beltsville, Maryland. 
Or call Webster 5-2700. 


MINNEAPOLIS 


Honeywell 


DAVIES LABORATORIES DIV. 
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ANSWERS... 





TO POWER SUPPLY 


SERVO AMPLIFIER 


you can get 
them quickly 
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Getting the answers to control problems is now 
easier with Servomechanisms’ Mechanical Devel- 
opment Apparatus—an assortment of precision 
mechanical components. You prove out designs in 
the lab quickly and economically by simulating 
instrument and control systems in the breadboard 
phase. 

And, MDA components can be used over and 
over again on other projects as they develop. You 
do not need to be an engineer to use this equipment 
—in many cases laboratory technicians perform a 
major portion of the work. 

Servomechanisms, Inc. maintains a complete 
stock of all the components shown plus many other 
companion parts—insuring immediate delivery 
from a single source. 

Full details are available in our Mechanical 
Development Apparatus Brochure—Bulletin 
MDA200. Write for a copy today. 





SERVOTILECILCNISMS 


MECHATROL DIVISION 


625 Main St., Westbury, L.!., New York... Telephone EXDgewood 4-6500 


WESTERN REGIONAL OFFICE 
1000 WEST EL SEGUNDO BLVD., HAWTHORNE, CALIF. 
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FREQUENCY STANDARDS 


AVIONIC 
FREQUENCIES 


PRECISION FORK 


FREQUENCIES 
240-400-500-1,000 cy. 


ACCURACIES 
Type 50 +.02% (—65° to 85°C) 
Type R50 +.002% (15° to 35°C) 


Requires double triode and POW E R 


5 pigtail components 75 Watt 


Size, 1” diameter x 3%” high FREQUENCY STANDARD 
Weight, 3.5 ounces TYPE 2111C 





FREQUENCIES: ......... 50 to 1,000 cycles 


ACCURACY: ..+.002% (+15° to +35°C) INDUSTRIAL 

OUTPUT: 115V, 75 Watts 

INPUT? 22000000 110V, 50 to 75 cycles FREQUENCY 
SIZE: with cover... .10’x17"x9” high 


7 
q, STANDARD 
PANEL model,. .10”x19”x8%4” high ; TYPE 5OL 
WHET S ccccacceses 25 pounds } : R J FREQUENCIES 
cae” 





50-60-75 or 100 cy. 
ACCURACIES 
TYPE 50L 
+.02% (—65° to 85°C) 
TYPE RS5OL 
+.002% (15° to 35°C) 
This organization makes frequency ? f 
standards within a range of 30 to 30,000 INPUT: 150 to 300V, B (6 V at .6 amps.) 
cycles. They are used extensively by ee Ss a 2V into 200,000 ohms. 


aviation, industry, government, (armed SIZE:. .3%"x4%%"x5 14” high. Wet., 2 Ibs. 
forces) where maximum accuracy and 


durability are required, 


SS 


American Time Products 


Tare 
580 Fifth Avenue, New York 36, N. Y. 


American Time Products, Inc. 
580 Fifth Ave., New York 36, N. Y. 


Gentlemen: Please send details on your Type 


Company — 


Address_ 
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AT Thompson Products 
THE DECISION IS PRECISION 





AND THE DECISION WAS | P| AC 











Another example of major industry breaking through the problem barrier 

The New Device Research Department, a privately owned laboratory of 

Thompson Products, Inc., recently placed in operation one of the country’s 

largest analog computing systems devoted to the solution of aeronautical 

control and nuclear control problems. 

This PACE Computing System developed by Electronic Associates, Inc 

will also be applied to industrial control problems. 

The combination of non-linear and linear computing equipment enables 

wide-range simulation of electrical, mechanical, and pneumatic systems to 

be accomplished. 

In research and simulation as vital as those at Thompson Products, the 

mse decision is precision. And the high standard of accuracy of EAI 
Equipment sets the PACE for precision in the industry. 

For a demonstration or for rental of time, contact our Computation Centers 

There's a Center serving Eastern Industry in Princeton, N. J.—one serving 

Western Industry in Los Angeles, Calif. For equipment information, write 

Electronic Associates, Inc., Long Branch, N. J., Dept. CE-5. 





ELECTRONIC 
MisGciates EAI SETS THE AICIE 


~ PRECISION ANALOG §COMPUTINGEEQUIPMEN 
ALO GIO CR E 


an LONG BRANCH + NEW JERSEY 
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INDUSTRY’S PULSE 


DC Equipment Business 


For the past ten years, manufacturers of de rotating equip- 
ment have happily watched a new market mushrooming for 
their products. The market: applications in control. The 
steadily growing use of sophisticated controls, built around 
de equipment, has almost quadrupled sales of such gear 
since the war. 

Just before the 1929 crash, the de-equipment business hit 
bottom. ‘Then, the main application was in a constant- 
speed drive in areas that clung to de distribution systems. 
But as the de lines disappeared, dc equipment vanished, too. 
The development of rotating regulators in the mid-30's 
stopped the slide, and World War II equipment needs ac- 
celerated the adoption of de gear in control applications. 

For control engineers, the major advantages of de equip- 
ment are flexibility and versatility in controlling speeds. With 
a de generator feeding a de motor, for example, it’s possible 
to get almost any speed or torque desired—by varying the 
field of the generator or the motor, or both. To get the 
same kind of control with ac equipment, an engineer would 
be forced to use some technique like a high “slip” motor or 
a wound-rotor motor. Both of these methods are wasteful 
of power (generated heat dissipates externally) and add a 
cooling problem to the equipment design. 

Perhaps the most spectacular growth in de equipment has 
been in the over-l-hp sizes of integral-hp motors and gener- 
ators. Because such equipment combines a good source of 
torque and speed-control with an easy means of quick stop- 
ping or reversing, it is being used in such widely-diversified 
applications as “‘machine-tool_control—lathes, boring mills, 
sliders, milling machines, etc.; materials-handling equipment; 
graphic-arts equipment, such as printing presses; cement- 
industry equipment, including kiln drives, feeder drives and 
cooler drives; textile machinery; paper-industry drives; and 
packaging machinery. 

According to industry sources, control engineers have 
boosted sales from just over $16 million in 1949 to $44 mil- 
lion in 1956—and that includes only de motors and gener- 
ators from | to 200 hp and excludes m-g sets. Almost every 
company in the field has sales figures ‘to substantiate this 
gain. Reliance Electric & Engineering Co. reports de sales 


Control uses 
swell de sales 


Figures tell 
the story 





- « « FIRST IN 
PRECISION SWITCHING 


MICRO SWITCH 


Consider the many 
features of this 
small limit switch 


Compact—Completely Sealed—Double- 
Pole, Two Circuit—Operating Force 
Only 3 Pounds Maximum 


This Ls series switch is extremely small for a limit 
switch of such ruggedness. It is a double-pole, 
two-circuit switch but can be used single-pole 
double-throw. 


The housing is of heavy cast aluminum. Four 
mounting holes in the flanged portions of the 
casting—not through the switch cavity—assure 
vibration-proof installation. The cover screws 
and lock washers are held captive in the cover 
when cover is removed. They cannot drop out. 
Cover seal is cemented to the cover—it is always 
there. 

Four .192 in. diameter mounting holes extend 
through the enclosure. They are tapped from the 
back to a depth of 9/16 of an inch with 4-20 nc 
thread. They accept No. 10 screws. Switch can 
be mounted from either front or back side. 
The switch is fitted with No. 8 terminal screws 
which easily accommodate No. 14 stranded wire. 


Full details will be found in Catalog 83. 


-1.531 


CHARACTERISTICS 





Operating force—3 lbs. max. Pretravel—20° max. 
Full overtravel force—6 lbs. max. Differential 
travel—12° max. Release force—% lb. min. 
Overtravel—30° min. 


Rated: 10 amps. 120, 240, 480 vac; % H. P. 
120 vac; 1 H. P. 240 vac; .8 amp. 115 vdc; 
.4 amp. 230 vdc; .1 amp. 550 vde. Pilot duty 
rating 600 vac max. 


The LS is Completely Sealed 


Note the illustration at 
the right. It shows the 
features of the switch 
and the thorough seal- 
ing provided by the use 
of O-ring seals on the 
actuator shaft and be- 
tween the actuator 
head and the housing. 
A synthetic rubber seal 
on the cover never be- 


BEARING 
CAST INTO 


SAY ENCLOSURE 
fe + 


ACTUATOR 
PLUNGER 


O-RING 
SEAL 


f 
STAINLESS ops 


STEEL 
SHAFT 





O-RING 
SEAL 


Fieid Adjustable Through 360° 
The strong, rugged actuator arm, fitted with 


either steel or non-sparking roller can be ad- 
justed in the field through 360°. It can be 
securely locked in any position. It is designed 
to operate in either direction or in one direction 
only—clockwise or counter-clockwise. Simply 
remove the actuator head and rotate the notched 
plunger 90°. Head may be rotated to provide 
actuation from any of four quadrants. 


Any MICRO SwiTcH Field Engineer can assist you 
in designing the LS into your product—or call an 
Authorized Distributor as to how you can 
modernize present equipment. 
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BASIC SWITCH ~at i 
COVER AG 


SEAL RING 


comes loose—it is sealed 
to the cover. These 
seals provide maximum 
protection against dust, 
lint, oil and other 
liquids. 


CASE- 
HARDENED 
ACTUATOR 
SCREW 


MICRO SWITCH 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


H 


) 


In Canada, Leaside, Toronto 17, Ontario » FREEPORT, ILLINOIS Hl 





have more than doubled since 1949. Louis Allis points to a 
300-percent gain in de motor sales between 1947 and 1956. 
Allis-Chalmers says its dc motor sales for 1956 were 382 per- 
cent over 1947. GE and Westinghouse sales curves show a 
comparable upward swing. 

These kinds of gains have made equipment manufacturers 

acutely conscious of what control engineers want. The re- 
quirements: 1) a high torque-inertia ratio; 2) accelerating 
capacity; and 3) stability. And the industry is trying hard 
to deliver. Within the last 18 months, NEMA standards 
tor de equipment have been changed to mirror the new em- 
phasis on control applications. Reliance and GE have 
brought out new lines of de motors within the past year, and 
Westinghouse just announced a new line on April 25th (see 
page 128 for details). Allis‘Chalmers is modifying its line 
to meet the new NEMA standards. 

Today in the newly announced de rotating equipment lines 
you see these “signs of the times” 

P Decreased response time, brought about by sharply reducing 
moment of inertia. Smaller diameters and longer armatures fit 
applications with reversing or high-acceleration requirements. 

> Improved commutation ability to allow high currents for sudden 
stopping and quick reversing. 

> Improved stability by such design techniques as extra-strong shunt 
fields with large air gaps. 


> Improved insulation to allow continuous operation for sustained 
periods of time. 


One of the major changes that NEMA made was to associ- 
ate closely each generator size with a motor size. Previously, 
dc-generator capacities were standardized in arbitrarily chosen 
steps. Now each generator rating is matched to a motor 
rating. Another change, raising de-motor ratings from 230 

) 240 volts, recognized that most motor applications use a 
packaged drive where voltage drop between generator and 
motor is normally very small. 

The future for integral-size dc motors and gen- 

erators looks every bit as good as the recent past. 
One market-research man sees total sales over 
$100 million by 1958, with a 5-percent annual 
gain thereafter—that’s an estimate for total sales, 
including m-g sets. 


Signs of the 
times 





make your scope multi-channel 


NEW BURROUGHS BEAMPLEXER 


displays up to 1O separate 
signals on a single-channel 


scope simultaneously 


Now you can have the advantages of multi-channel oscillo- 
graphy at a fraction of the cost of a multi-channel oscillo- 
scope. Just hook Burroughs’ new Beamplexer up to your 
present single channel scope, and you'll be able to observe 
up to ten separate channels of information simultaneously 
on the face of your present single-gun tube. 



































The Beamplexer is actually a fast electronic switch. Its 
heart is the Burroughs Beam Switching Tube which acts as 
a gate, picking the ten parallel input signals off in sequence, 
at adjustable speeds ranging from push button to 100 kc, 
and putting them out on one line. Each signal can be 
located on the scope as desired, and even superimposed 
On one another through individual positioning pedestal 
controls for each channel. Other controls include separate 
amplification for each channel. 


Power consumption is 120 volts a-c, 60 cps, single phase, 
0.73 amps, with the entire unit self-contained for cabinet 
or standard relay rack mounting. 


Full details on how the Beamplexer can make your 
scope more useful . . . make your time more efficient . . . 
are given in Technical Bulletin 346 available for the 
asking. Write for your copy. 
BURROUGHS CORP. e ELECTRONIC INSTRUMENTS DIVISION 
Department A e 1209Vine Street © Philadelphia 7, Penna. 
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ENGINEERING 


Reduce Meeting Redundancy 


Attendance at technical society meetings is definitely worthwhile. An 
updating on who’s doing what, informal discussions of mutual engineering 
problems, and general refreshers on new techniques are benefits which all 
gain by attending. But you can’t possibly attend them all. Is it tough to 
decide which ones on measurement and control would be most valeuiie to 
you? Does your management budget the frequency and geographical loca- 
tions of meetings to which it will send you? Do you strugele to pick out of 
the welter of many meetings the few bits of ‘ibeniiobion which relate 
directly to design and application problems assigned to you? 

If you answer “Yes” to any of these questions, you should be glad to 
know that a North American Control Council was formed on M we 21 by 
authorized representatives of the American Society of Mechanical En- 
gineers, American Institute of Electrical Engineers, Institute of Radio 
Engineers, Instrument Society of America, and American Institute of 
Chemical Engineers. Its immediate objectives: 

1) to represent the engineering and scientific societies of this country 
in the proposed International Federation of Control (see Jan. ’57 editorial); 

2) to coordinate the technical activities, in control systems engineer- 
ing, of NACC-afhliated societies (see March °55 editorial). 

Both objectives should mean less overlap in subject matter and sched- 
uling. They should mean that each meeting will have a more specific scope 
and that you can therefore call your shots by attending those meetings 
which bear most closely on your work. W atch What’s New in the next 
issue for concrete results of the first efforts at coordination. 

As secretary of the NACC, the editor of this magazine invites your 
comments and preferences on coordination. 

THE EDITORS 





SPECIFICATIONS 


Frequency Range: 
20 cps to 20 KC, covered in one range. 
Accuracy: 
+4% including changes due to warm-up, aging 
components, tubes, etc. 
Dial: 
Six-inch diameter dial calibrated over 300° of arc. 
Frequency Response: 
+1 db entire frequency range. 
External Frequency Control: 
\4-inch shaft, extending from rear of instrument, 
rotation approximately 150° for full frequency 
coverage. 
Output: 
10 volts into 600 ohm rated load, balanced or 1 
terminal at ground. 
Output Control: 
Decreases level continuously by more than 40 db. 
Distortion: 
Less than 1% over entire frequency range. 
Hum Voltage: 
Less than 0.1% of rated output. Decreases as out- 
put is attenuated. 
Power: 
115/230 volts, 10%, 75 watts. 
Dimensions: 
Cabinet Mount: 734” wide, 1134” high, 15%4” 
deep. Rack Mount: 19” wide, 7” high, 1214” deep. 
Weight: 
Approximately 25 Ibs. 
Price: 
$275.00 


Data subject to change without notice 











Now! 


New low cost oscillator 
covers entire audio band in 
one sweep of the dial 


-hp- 207A Audio Sweep Oscillator— continuous 
output 20 cps to 20 KC— flat response, 
low distortion— may be motor driven or 


coupled to recording device 


Here at last is a low cost, high quality oscillator providing 
the time-saving convenience of continuous single-sweep frequency 
coverage from 20 cps to 20 KC. The instrument has high wave- 
form purity, constant output, high stability and dial calibration 
which is essentially logarithmic. Band switching and resulting 
transients are eliminated. A flexible 10 volt output can be used 
balanced or with one side grounded. 


Model 207A may be swept by hand, motor driven, tuned 
remotely or coupled to a recording device by means of a shaft 
extended through the rear of the cabinet. 


Priced at just $275.00, this new -hp- oscillator is an outstand- 
ing value and particularly convenient for such audio tests as 
speaker frequency response and amplifier flatness, measuring 
characteristics of filter networks, complex coupled systems and 
industrial transducers, or automatic response measurements where 
response is recorded or viewed on an oscilloscope. 


HEWLETT-PACKARD COMPANY 


4193H Page Mill Road * Palo Alto, California, U.S.A. 
Cable “HEWPACK" «© DAvenport 5-4451 


Field engineers in all principal areas 


hp) ELECTRONIC MEASURING INSTRUMENTS 
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Switching 


BYl=\"4 [ot 3 


NEW TOOLS FOR INDUSTRIAL CONTROL 


ROBERT A. MATHIAS 


Department of Electrical Engineering, Carnegie Institute of 


Whether controlling a machine tool, a materials handling system, or a flow process, indus 
trial control engineers cannot afford to overlook the possibilities of increased reliability, 
higher operating speeds, and reduced maintenance and downtime inherent in static switching 
systems. Professor Mathias brings to Conrrot ENGINEERING a thorough study of these in- 
teresting and controversial new techniques, from the unbiased position of an independent 
consultant—he reviews basic logic and the fundamentals of magnetic and semiconductor 
switching devices, surveys commercially available equipment, provides analytical case studies 


of a wide variety of applications, gives system design tips, and takes a look at the cost picture 
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Electromechanical relays grew out of the con- 
cept that switches could be opened and closed by 
low-powered independent control signals. These 
remotely-operated switches were originally used in 
single-motor control and other similar applica- 
tions. However, with the increased demand for 
automatic features, switching systems grew in 
complexity to the point where today many racks 
of relays control an automotive transfer machine 
or a complex materials handling system. Space, 
reliability, and maintenance are problems today; 
what will they be in the future? 

Static power-modulating devices such as mag- 
netic core units and semiconductors were origi- 
nally intended to improve the reliability and 
performance of analog or proportional control sys- 
tems. It was soon found, however, that these 
static analog devices could be modified, in many 
cases, to operate as switching control devices, thus 
assuming many of the desirable characteristics of 
electromechanical relays: bi-stability, with two 
output states corresponding to two input states; 
insensitivity to changes in other components; and 
amplification, with output several times input. 

This led to the commercial development of 
industrially oriented static switching devices and 
systems, which on one hand filled a need—caused 
by the increasing complexity of electromechanical 
relaying systems—and on the other hand provided 

solution—adapting static power-modulating de 
vices for switching-type service. Applications par 
ticularly suited for static switching control are 
characterized by one or more of the following 
requirements: extreme reliability, reduced and sim 
pler maintenance, high speeds with many switch- 
ing operations, reduced space requirements, and 
safe operation in hazardous atmospheres. 

Electromechanical relay contacts have a finite 
life; thus relay life can be numbered in terms of 
operating times, even though this number may 
be up in the millions. In ‘contaminated atmos 
pheres pr contacts tend to become ‘grimy and 
dirty, or, after a large number of operations, pitted. 
These iid may cause relay failure which 
could prove critical if a large production line or 
system is dependent on the reliability of this ele- 
ment. Striking testimony to this is the statement 
by one of the top production engineers of C hrysler 
that down-time on one of their main automotive 
lines costs about $1,000 a minute. 

However, the electromechanical relay is not 
becoming obsolete. Cost is one reason. In sim- 
ple systems or in systems with many outputs 
(motors, solenoid valves, etc.) and few inputs 
(limit switches, pushbuttons, etc.), the first cost 
of a static switching system is often many times 
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that of a conventional relay system. In most of 
these cases, static switching would only be con- 
sidered if reliability were of overwhelming impor- 
tance. Besides, manufacturers are continually 
improving their relays and the manner in which 
they are used. Hermetic sealing, reduced size, 
and improved contact materials are steps in this 
direction; one manufacturer advocates a technique 
of impressing a high-voltage, high-frequency pulse 
across relay contacts to bre: ik dows the film that 
forms in contaminated atmospheres. ‘There are 
other reasons, too, for the continuing popularity: 
most users state that the majority of sy stem fail- 
ures occur in the limit switches rather than in the 
logic or switching circuitry—so why pay the addi- 
tional price for reliable static switching devices 
if other portions of the system fail first anyway? 

and manufacturers of systems that must fail safe 
(for example, press control circuits, where an im- 
proper failure may result in injury to an operator) 
have found that the cross-wiring and bias connec- 
tions necessary in static-switching systems make 
it extremely difficult to design a system that will 
fail safe under any conditions. 

Improved contactless limit switches and push- 
buttons (discussed later in the article) and fur- 
ther engineering investigation of the fail-safe 
problem will probably reduce these difficulties, but 
in any event it appears that neither type of switch 
ing device will eliminate the other and that they 
will continue to be used side by side. ‘Thus, 
relays are used to handle infrequent switching 
operations such as faults or power line failures, 
or where high-power circuits must be completely 
interrupted, such as in large motor starters. 

It should be noted that static switching devices 
are standard industrial control elements, available 

packaged functional form, and are not to be 
confused with similar elements used in large-scale 
digital computers. The usual large-scale digital 
computer has the ability to count, to store large 
quantities of information, and to perform logic 
decisions. ‘Thus far industrial static-switching 
systems have been called on primarily for basic 
logic decisions and only infrequently for counting 
and information storage. But as pointed out 
later, these possibilities should not be ignored. 

The resistance to the use of static switching sys 
tems has been based primarily on the following 
points: high cost—primarily of output amplifiers 


and available proximity limit-switches; large size 


and unsatisfactory performance of available input 


devices—proximity limit-switches and _ pushbut- 
tons; the different and more difficult process re- 
quired to design static switching systems; repairs 
beyond the ability of the average maintenance 
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WHAT A USER THINKS OF CYPAK 


This is the latest information concerning our own experiences and reactions. Experience of Process 
Development Section with Cypak up to Nov. 15, 1956 


|. Torus vane-loading machine 


A batch of eight vane-loading machines were designed and built by Process Development 
Section for Detroit Transmission Div. during 1955. All eight were equipped with relay-type control 
panels. The final machine had, additionally, a Cypak control panel. 

The sequence of operation and relay circuit were supplied to Westinghouse, which designed 
and built the Cypak panel. Without finding it necessary to refer back to Westinghouse, PDS made 
some sequence changes and combined the two systems so that — using the same limit switches 
and pushbuttons -- the machine could be plugged into either the Cypak or the relay panel. 

The Cypak unit was placed in production Nov. 28, 1955, and to-date, has fed just over 8 
million vanes. 

There have been three failures on the unit: 


1. After 4 million vanes a rectifier failed — cause unknown. It occurred during severe thunder- 
storms and possibly could be due to a surge from a lightning strike on the power lines. 


2. After 5'4 million vanes an outgoing wire from the panel came loose at a terminal board 
presumably due to vibration. 


3. After 6 million vanes a wire in a toroidal core broke at the point of soldering to the binding 
post, presumably due to vibration. The solder had run up the wire about 1s in. and the break 
occurred at the tip of the solder. 

It should be noted that this panel was made from the original type units; had the encapsulated 

units been available and used the third failure would not have occurred. 

The Cypak panel is still running in production. 


No detailed figures are available regarding the failures on the other seven machines. However, 
Detroit Transmission informs us that these failures have been so frequent that serious con- 
sideration is being given to equipping these other vane loaders with Cypak. 

The operating performance of the Cypak on the vane loader is the best control performance 
we have seen. Many claims are heard of relay and limit switch life varying from 10 million to 
50 million operations, but when used on production, actual life varies from 100,000 up to about 
5 million operations. 

At present the life of the rectifiers appears to be the doubtful factor in Cypak, but 30-milliamp 
rectifiers operating at 5 milliamps should have a reasonably long life — Westinghouse claims 
up to 10 years, but until we have more experience, we would anticipate at least three years. 


ll. Disc assembly machine 


Process Development Section has designed and built a disc assembly machine controlled 
by Cypak. In this case the components were purchased from Westinghouse but the circuit design, 
building, and debugging were done entirely by PDS. 

a. Design was handled by a junior engineer, who had not previously been exposed to Cypak. 
Total electrical design and debugging time was approximately double that which he would have 
taken for relay control, but this included his time for reading up on and becoming familiar with 
the new control. It is believed that once a designer is familiar with logic circuits, design time 
will be less than that with relay circuits. It was anticipated phasing of elements might cause 
some difficulty, but this did not produce any worries at all. 

b The control panel (using old-type elements) was built in our own shop, and processed 
throug). as a normal build job with no supervision from Engineering Dept. Wiring was 100 per- 
cent correct when checked. 

c. Debugging the control presented no additional problems. As was expected, there was 
an initial feeling of strangeness due to lack of visual and audible action from relays, but a debug- 
ging system was quickly devised. 

d. Reaction of electricians and engineers was favorable; we would not anticipate any justi- 
fied opposition from users’ personnel. 





lil Conclusions 


It is believed that static control will be universally accepted in the future. Although it may 
require further development, there should be no hesitation in using it now because: 

a. Personnel will be gaining experience with it. 

b. Greater use will mean increased production, hence lower cost. 

c. Use in production provides an enormous background of test and hastens development 

d. Even in its present form it is still far more reliable than relay-type control. 








S. F. NEWMAN 

Senior Project Engineer 
Process Development Section 
General Motors Corp. 
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man; the difficulty of making quick circuitry 
changes in the field without revising the complete 
system; and the questionable interchange of new 
components for old when repairs must be made. 
Certainly the first two points are legitimate com- 
plaints, recognized by manufacturers of this equip- 
ment as well as by the users, and much engineering 
time and effort is being devoted to them, with 
some success already realized and more just around 
the corner. But according to experienced users, 
the other points are based more on bias than on 
fact. For a quick rundown on one user’s experi- 
ence with, and opinion of, Cypak (Westinghouse 
Electric Corp.) see the special boxed-off section 
“What a User Thinks of Cypak” (opposite page), 
remembering that the General Motors Corp. is 
one of the world’s largest users of electromechan- 
ical relays. 

Though the field of industrial static switching 
is only a little more than two years old, applica. 
tions range across the board: many types of ma- 
chine tools, food and chemical processing systems, 
conveyor and warehouse materials handling sys 
tems, quality and acceptance control systems, 
automatic assembly machines, etc. Many exam- 
ples of these applications are discussed in detail in 
a later section. 


Digital control using static devices 


Although most of the work in the field of static 
switching “industrial control is concerned with the 
development of systems that will more or less 
replace conventional electromechanical relaying 
systems, other areas should not be overlooked. 
These static logic elements can perform all of 
the functions required in a digital computer and 
as such could be combined into small (in capac- 
ity) special-purpose digital computers or into 
digital controllers to perform some of the jobs 
now being handled by analog equipment. The 
examples discussed later will illustrate how some 
of this thinking is now entering into the design 
of complex systems, though cost, size, and indus- 
trial unreadiness are preventing large-scale pene- 
trations. However, with the introduction of 
transistor switching elements (packaged for fac- 
tory use) and the reduction in costs, small, special- 
purpose digital computers and controllers can be 
assembled from reliable, industry-type com- 
ponents. 

As accuracy requirements become more rigort- 
ous, and the information that must be handled 
in a given time interval increases, analog systems 
tend to become complex and sometimes imprac- 
tical. Accuracies of one part in 10,000, for exam- 
ple, are almost impossible with analog techniques. 
But if this value is separated into four digital 
channels, each corresponding to one of the four 
decimal digits of the value, each channel would 
only need to be accurate to about one part in ten 


to achieve the same overall accuracy. And this 
system could be made truly digital if each of these 
so-called channels had only ‘ten possible stable 
states. Practically, however, it is much easier to 
build the logic components with only two pos- 
sible stable states (ON-OFF, for example) even 
though it means more components. Bi-state or 
binary components can usually tolerate large 
variations in input signal and still operate faith 
fully. If the above value is expressed on a binary 
basis, approximately 13 binary digits are required 
to give the same accuracy. If greater rt accuracy is 
required, additional logic units can be added 
(assuming the input and output devices can prop 
erly provide and use the information). In short, 

processing the sheer bulk of information re- 
quired by high accuracies or complex systems, 
digital methods appear to have many advantages. 

One of the most important of these advantages 
is that information is processed in the form of 
the basic unit of information—the bit. Large 
variations in environmental conditions and aging 
of components do not reflect in the desired state 
of the bi-state logic elements. Digital systems 
are also well-suited for controlling automatic se 
quencing operations (the complex relay panel 
that automatically sequences a transfer machine 
through its operations is actually a digital system, 
although it is not often thought of as such). 
These operations require not only elements that 
act upon the presence of a particular combina 
tion of inputs, but also ones that act according to 
the sequence or history of the inputs. This 
means that to make proper use of later informa 
tion, the system must remember information 
given to it previously. The storage and shifting 
of information in an internal memory brings to 
industrial control systems the important attribute 
of a stored-program digital computer. 

If not carefully designed, a digital logic system 
can produce highly illogical results if one or more 
of the logic elements fails to operate as directed. 
As pointed out previously, with electromechanical 
relays these failures usually result from mechanical 
shock or vibration, or wear or dirt at the contact 
surfaces. Wacuum-tube switches have no contact 
problems, but they do run the chance of filament 
burn-out. Static devices, however, both from a 
theoretical and service viewpoint, appear to have 
lives independent of the number of operations 
or the time in service. Table 1 compares the char- 
acteristics of various switching devices. 

Static is used here in the sense that there are 
no active mechanical or thermal parts, although 
certainly the components are not electrically static. 
Because of their static nature, solid-state devices— 
both magnetic and semiconductor—can be pack- 
aged and mounted to be quite rugged and insensi- 
tive to extremes in environment. “As pointed out 
later, this is leading to a healthy competition 
between manufacturers of this equipment. 





A SHORT COURSE IN BASIC LOGIC 
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Before examining. the actual clacuits used in static- 
switching devices\ and<systems, it is best to take a 
general look at the logic used in processing informa- 
tion, since a knowledge of fundamental logic is basic 
to the design of switching systems. Combinational 
logic will be examined first. This type of logic 
produces outputs that depend only on the combina 
tion of input signals, and not on the sequence in 
which the inputs are applied. The primitive combi- 
national logic functions are AND, OR, and NOT. 

Figure 1 shows two different representations of the 
AND function. Figure 1A is a relay circuit with the 
normally-open contacts of relays, A, B, and C in se 
ries. The output X, is obtained only if A and B and C 
are energized and their contacts closed. The AND 
function can also be thought of as a relay with a 
number of separate windings, designed so that the 
single contact does not close until all of the windings 
are energized. This is shown in Table II, which lists 
the eight possible combinations of the inputs A, B, 
and C. ‘The 0 values in the table represent open 
contacts or the absence of signals, and the 1 values 
represent closed contacts or the presence of signals 
Thus, X, is present only when each of A and B and 
C are present. Attention should be paid to Table II, 
since, as will be seen throughout the article, a tabu- 
lation of input and output combinations is extremely 
useful in designing switching systems. 

A fundamental aid in analyzing and simplifying 
logic circuits is Boolean (or switching) algebra** 
[his algebra is quite simple since it considers each 
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variable as having only two possible values, 0 or 1 
Ihe multiplication sign is used for the AND opera- 
tor in Boolean algebra since it has about the same 
properties as the usual multiplication operation. For 
example, an open switch in series with either an 
open or closed switch still yields an open circuit 
similar to multiplying by zero). Thus, 
CO uGetahee a6 

where X is a general switch with either a 0 o1 

It follows that a closed contact in series \ 
closed contact forms a closed circuit, and 
closed contact in series with a general 
gives an open or closed circuit depending on whethe: 
X is open or closed. Two switches of X operated by 
the same signal operate as one switch of X, etc. 

Llel=11¢X =X, ,andX eX X 
Thus, the function X, in Figure 1 is 
AcBeC =X, (3) 

and X, is 1, according to the properties of Equations 
1 and 2, only when each of A, B, and C are 1. 

he OR function is another basic logic operator. 
Figure 2A shows a relay circuit with normally-open 
contacts A, B, and C in parallel. Thus, the output 
X. exists if any one or more of the contacts A or 
B or C are closed. | igure 2B shows the functional 
representation of OR, and Table II indicates that 
X, is 1 if either A, B, or C is 1. 

he plus sign is the Boolean algebra operator fot 
the OR function because it has many of the usual 
addition properties. Many of the useful Boolean 
identities can be easily remembered by visualizing the 
corresponding contact network. For the OR function 
there is only one case for which there is no output, 
that is, if all the contacts are open. Thus, 


0+0=0, 
and 0O+1=14+1=14+X =1 
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1. THE AND LOGIC FUNCTION. 


A. Relay AND circuit 
B. Symbolic representation of AND. 


Note that one plus one is still one. Also, a general 
contact X in parallel with a like acting contact or 
an open contact still gives the same function X. 
O+X =-X+X=<X (6) 
in terms of A, B, and C is 
A+B+C=X; (7 
I'he NOT operator completes the group of three 
primitive logic functions. Figure 3A shows a relay 
NOT circuit with a normally-closed contact A. The 
output X; is present only when the contact A is 
NOT energized. Thus, the NOT function gives 
the inverse or negative of the output. If the input 
is in the 0 state, the output is 1 and vice versa. ‘The 
logic operator for the NOT function is a bar above 
the function of which the inverse is being taken. 
Some useful NOT identities are 


0=1,1=0,X-X¥ =O0O,andX+X=1 (8 
Table II shows the NOT functions A, B, C, and X;. 


he identities given for the three basic logic func 
tions are useful in simplifying the logic for specific 
conditions. If all possible input combinations are 
listed as in Table II, and the desired output condi 
tions specified, a direct translation into Boolean 
algebra is possible. As an example, note the output 
X,. It is to be present for three of the eight possible 
input combinations. Just as X, was present for A 
and B and C, so X, is present for each of (A and B 


and C) or (A and B and C) or (A and B and C). 


In switching algebra, that is 
ABC + ABC + ABC = X, (9) 


To simplify the logic for X, even further, a term 
is added that does not change the logic. This 
would appear as an additional condition for the 
presence of an output, but it must be the same as 
one of the existing conditions if the logic is not to 
be altered. The last identity in Equation 6 indicates 


Then, X, 





FIG. 2. THE OR LOGIC FUNCTION 


A. Relay OR circuit. 
B. Symbolic representation of OR. 














Xp = A+B+C 
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A. Relay NOT Circuit 


that this can be done. Rewrite Equation 9 with 


the first term, ABC, repeated as the last term, and 
with the C which is common to each factored out 
(AB + AB + AB 4 
Now B may be factored from the first two terms and 
A from the last two terms 
[((A +A) B+ A(B + B)]¢ X, (11) 
The last identity in Equation 8 shows that a func 


tion OR its inverse is 1. And from the second 
2 is seen that 1 


identity of Equation 2, it AND a 
function is the function. Equation 11 reduces to 


(B+ A)C X4 12) 


AB) ( Xs 10 


his same reduction can be made pictorially by 


using a switching network. Figure 4A shows the 
switching network for the initial given conditions. 
Che conductor on the left can be connected to the 
one on the right in at least one of three ways. 
hese three ways correspond exactly to the | states 
of X,. The A is a normally-open contact and the 
A’s are normally-closed contacts, all on relay A 
These correspond to the 1 and 0’s of A for the three 
l’s of X,. Figure 4B is the circuit given by Equation 
10, and Figure 4C by Equation 11. The final circuit 
of Equation 12 is shown in Figure 4D 

Table II can be used for another type of logic 
condition. This is shown by X;, where three of the 
output conditions are represented by D’s rather than 
by either 0 or 1. A D is a “don’t care” condition. 
This means that that particular input combination 
is either one for which the designer doesn’t car« 
whether its output is 0 or 1, or is one that could 
never occur for the system. The value of stating 
and using “don’t care” conditions, if they exist, is 
that a careful choice of either a 0 or 1 for each D 
can usually simplify the final logic function, assuming 
no outputs for each D condition. This simplifica- 
tion can be readily done with the aid of Karnaugh 
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FIG. 3. THE NOT LOGIC FUNCTION 


B. Symbolic representation of NOT 
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X4 = AB 


C + ABC + ABC 

















FIG. 4. The step-by-step simplification of a switching circuit. 


maps". if non¢ 


In the case of the logic function X,, 
of the D conditions is used, then an output is 


wanted only for ABC or ABC. This specific set of 


conditions is given by X, in the table. But the 
simplest relay schematic that will provide the logic 
required by X, is that shown in Figure 5. 

By using one of the “don’t care” conditions for 
X;, the switching circuit can be further simplified 
while still satisfying the conditions of X,. The 
D condition for inputs ABC is used as a 1 state. 
This makes X, the same as X,. Figure 4D def- 
nitely shows that this additional output condition 
permits a simpler circuit than Figure 5. 

There is still another way in which Table II can 
simplify the process of translating desired output 
states into switching circuits. This involves the 
use of the inverse of switching functions. A typical 
example is illustrated by output function X,, which 
has an output for all but two of the input combina 
tions. This makes it much easier to express the cases 
for which no output occurs. The methods already 
discussed can be used to find the inverse function 
X., which has an output only for the two condi- 
tions for which X, does not. After determining 
X,, a simple switching algebra manipulation gives 
its inverse. First X, is written as 


ABC + ABC AB + AB)C = Xz (13) 
But since X, is the inverse of X,, 
verted. To invert X, (or any general function), 
the roles of the AND and OR functions are inter- 
changed, and each component in the function is 


it must be in- 
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inverted. ‘That is. A is inverted to A and A is 1n- 
verted to A. X, is inverted as follows: 


Xx X, = (AB + AB) C 


By applying the third identity of Equation 8, X, can 
be rewritten as 
X; = AB+AB+C 15) 

The AND, OR, and NOT logic functions are the 
primitive or basic logic units, and any other logic 
function can be developed from these. If there is 
no feedback to any of the inputs of the units pro 
viding the feedback, then the output states are the 
result of the combination of input signals alone, 
and are in no way dependent on the sequence of 
the inputs. However, as more automatic capabilities 
ire required of the newer switching systems, mor¢ 
memory of the sequence of inputs is necessary. Stor- 
age of this information can be done internally by 
memory units, flip-flops, latching relays, etc., or it 
can be done external to switching circuit. Cams, 
mechanical latches, and similar external devices can 
store some information, but not as much as punched 
cards or tape and magnetic tape. 

Figure 6A shows an internal memory circuit that 
can remember one kind of thing. That is, relay coil 
Y is energized if the ON button has been pushed 
since the OFF button was pushed last. Note that 
unlike any of the switching circuits considered up 
to now, the sequence of events in this circuit is 
important. Also note the feedback, which is not 
unlike that of an electronic flip-flop. If relay Y is 
energized, its normally-closed contact opens the 
circuit to the coil of relay X, and vice versa. Only 
one relay can be energized at a time. Neither relay 
is energized if both buttons are depressed. 

Che switching circuit in Figure 6B performs the 
same function as that in Figure 6A, though with 
different switching arrangements. In fact, this is 
in example of the use of the inverse of an inverse 
function to achieve the same results. Z is the invers¢ 
of X, so that the contact controlled by Z is normally 
open, whereas the one controlled by X was normally 
closed. This means Z is energized where X was 
deenergized, and vice versa. The ON and Y con- 
tacts in Figure 6B are the inverse of those in Figure 
6A, since they are changed to normally open from 
normally closed and to parallel from series. 

Since parts A and B of Figure 6 are equivalent, th 
switching algebra for the output Y of either one is 

F(IN+ Y) =Y (16) 
where N and F are the.presence of the ON and OFF 
inputs respectively. ‘The equation states that the 
output Y is present whenever the OFF state F is 
not present, and whenever the ON state N is present 


FIG. 5. Relay schematic for indicated logic function. 
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THE MEMORY LOGIC FUNCTION. 
Relay memory circuit 





Memory circuit derived by taking inverse of inverse function; it performs the same as A 
. Memory circuit derived by combining two two-input OR elements and two NOT elements 


Symbolic representation of memory 


or the output Y is already present. The previously 
mentioned feedback situation is evident in Equation 
16, since the logic function that determines the out- 
put is a function of that same output. Figures 6C 


HOW STATIC SWITCHING DEVICES WORK 


An understanding of how static switching devices 
work can help the designer in both the logical and 
electrical design phases of complete static switching 
systems. Present static switching elements are pri- 
marily magnetic-core units and semiconductor de 
vices. Those discussed here include diode circuits, 
reset-type magnetic-amplifier circuits, bistable circuits 
using conventional magnetic-amplifier configurations, 
pulse-type magnetic-amplifier circuits, and transistor 
ind combination transistor-magnetic circuits. Al- 
though these are discussed here generally, each of the 
commercially available systems is based on one or 
another of these fundamental approaches. 


Diode switching circuits 


Simple static switching units can be constructed 
using only semiconductor diodes or rectifiers. Figure 
7 shows a diode AND circuit and a diode OR circuit. 
In the AND circuit, Figure 7A, the three inter- 
connected rectifiers are fed a positive supply voltage 
through a resistor. The A, B, and C inputs to the 
AND circuit are present when a positive voltage is 
applied to each respective input terminal. This type 
of AND circuit also requires that each of the inputs 
present a low-impedance path to the negative or 
common side of the circuit when the inputs are in 
the OFF state. This low-input path to ground is 
required so that the output X, is not present if any 


and 6D are symbolic representations of this memory 
circuit. A note of caution: switching algebra must 
be very carefully applied and interpreted when se- 
quential circuits are being considered’. 


one of ABC is at zero potential. If, for instance, A 
is at zero potential with respect to the common lead, 
then the low-impedance path to the common lead 
through the rectifier in input path A provides a path 
to ground for the current flowing through the supply- 
voltage resistor. The forward conduction through the 
diode provides very little voltage drop in the path 
to ground, and thus there is no output, or the output 
is said to be in the OFF state. 

However, if input signals (positive potentials) 
exist at all three of the input terminals, there is a 
high-impedance path to ground through the input 
terminals because of the high back-resistance of the 
rectifiers, and current flows from the positive dc 
supply, through the dropping resistor, and out the 
output terminal at X,. Because of the need for a 
conduction path to ground when one of the signals 
is not present, the input signals cannot come from 
switches that physically make and break contacts. 

In the diode OR circuit, Figure 7B, the output 
X, exists if inputs (positive potentials) are present at 
either A or B or C. Unlike the AND circuit, the OR 
circuit does not require an external supply voltage 
lead or the dropping resistor, and the input paths 
need not present a low impedance to the common 
lead if any one of the input signals is not present 

In theory, complete logic systems can be made up 
from diodes only, although there is no possibility of 
amplification in these circuits. Thus, if many units 
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Output 


using only diodes are combined into logic circuits, 
the signals are attenuated and tend to degenerate. In 
industrial control practice, one or two cascaded stages 
is usually the practical limit. 


Reset-type magnetic-amplifier circuits 


The “Ramey” magnetic-amplifier circuit* is par- 
ticularly suited for switching service. Its output, in 
common with other magnetic-amplifier circuits, is 
limited by saturation to definite states. This satura- 
tion effect in the output characteristic results directly 
from the saturation characteristic of the magnetic- 
core material used in high-performance magnetic 
amplifiers. This core material has a rectangular 
shaped hysteresis loop, with sudden saturation at 
either extreme of flux change on the hysteresis loop. 
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FIG. 7. SEMICONDUCTOR-DIODE LOGIC CIRCUITS. 
A. Diode AND circuit. 
B. Diode OR circuit. 


The basic Ramey circuit, Figure 8A, uses two 
separate circuits, magnetically coupled by _ the 
sharply saturating core. The right-hand circuit on 
this diagram is called the gating circuit, since it gates 
or switches the output ON or OFF. The rectifier 
y: in the gating circuit permits current to flow in 
only one direction. The coil polarity, and the rela 
tive directions of the rectifiers y, and v, cause the 
core to be reset, i.e., driven in the negative direction, 
opposite to the action of the gating circuit. Thus, 
the reset circuit on the left can only reset the core. 

Another feature of the Ramey circuit that well 
suits it for switching service is that its output occurs 
exactly one-half-ycle after the input. 

The basic Ramey circuit is shown in Figure 8A. 
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E,, the input voltage, is a low-power level signal, 
which, because of the inherent amplifying property 
of the circuit, can control the output voltage E> at 
a much higher power level. Figure 5B shows the 
output characteristic of this circuit as average output 
voltage versus average input voltage. With a nega 
tive input voltage there is no output, but as the input 
voltage starts to go positive, the output increases 
proportionately until it reaches a definite maximum 
value—actually the value of the gating supply volt 
age. Thus, the maximum average output voltage is 
reached when the output voltage appears for the 
whole gating half-cycle. 

The usual mode of operation of the Ramey circuit 
is as follows: After the gating half-cycle, the flux 
level on the core hysteresis loop is left at positive 
saturation. The reset half-cycle begins, and the core 
resets, when E, is negative and greater than E,. The 
rate of reset is determined by the difference between 
E, and E,. The circuit is normally designed so that 
if E, is zero, Ez can completely reset the core during 
the reset half-cycle. Complete resetting means bring 
ing the flux level down to negative saturation. If the 
gating half-cycle does begin with the core at negative 
saturation, then the gating voltage, for the normal 
design, takes till the end of the gating half-cycle to 
drive the flux to positive saturation. No load current 
flows, except for the core exciting current, since all 
of the gating supply voltage, E,, is absorbed across 
the winding Ng, while the flux level is increasing. 

But if the input voltage, E,, is greater than the re- 
set supply voltage, Ex, at each instant of the reset 
half-cycle, no reset occurs. This is because the excess 
of the input voltage over the reset voltage appears 
as a back voltage across the reset rectifier y.. In this 
situation, practically no voltage appears across the 
reset turns, Nz, and the flux level does not change. 
On the following half-cycle, the gate starts at positive 
saturation and load current flows immediately. This 
is the full output situation shown in Figure 8B. 

For switching service, the only allowable input 
voltages are zero and values greater than the reset 
supply voltage, Ey. Thus the amplifier can only have 
either a 0 or 1 output state. In logic circuits where 
many stages must be cascaded, the Ramey circuit 
must be modified to give optimum performance. 

One reason for modifying the Ramey circuit is 
that the input voltage must present a low source 
impedance if the output is to be accurately con- 
trolled. In the normal circuit, an input signal from 
a high-impedance source permits reset even when 
the signal voltage is zero because of the magnetizing 
current flowing through this high impedance, which 
appears as a voltage drop. This reset is, however, 
undesired. The situation can be corrected by adding 
a rectifier ys, as in Figure 8C. At first glance it would 
appear that the magnetizing current could not flow 
through ys, since it is placed to oppose the current 
flowing through y.. Actually, though, the additional 
negative supply voltage and the resistor are designed 
so that the net current flow through y, is always posi- 
tive, and the magnetizing current flowing through 
y. is the smaller portion of the total current flow. 
This low forward drop through ys, which looks like a 
low source impedance for the magnetizing current, 
prevents full reset with no input signal. 

When the input voltage is large enough to give 





full output, it is greater than the reset supply voltage 
E, at every instant of the reset half-cycle. During 
this interval, point a 1s positive with respect to point 
c. This causes a back voltage across y., and no reset 
ting magnetizing current can flow. Since point a 
is positive with respect to ground, y, also has a back 
voltage across it. This means that the input must 
supply the leakage through 7s, and the current flow- 
ing through the resistor to the negative supply. 

I'he rectifier y; in the gate circuit makes sure that 
the output cannot go positive with respect to ground 
during a gating ha!f-cycle when the core starts from 
negative saturation. This makes it possible for the 
zero output level to be even slightly negative, because 
even though the gate supply voltage E, appears only 
across the gate winding, the magnetizing current 
during this interval is flowing through gate rectifier 
y:, and some small positive voltage could appeai 
across the load if it were not for the forward drop 


[his forward drop supplies a sm ill 


icross rectifier ys. 
negative voltage, and makes sure that the output will 
not be positive when this unit drives another similat 
unit unless an ON state is desired 

[he supply voltages for the circuit of Figure 8¢ 
ire phased oppositely; that is, the negative dc 
voltage for the gating circuit has a voltage appearing 
on the half-cycle when no negative dc voltage appears 
for the reset dc supply. The negative d supply 
voltage in the gating circuit occurs on the gating o1 
yutput half-cycle, while the reset negative supply 
voltage appears on the other or reset half-cycle 

The gate supply voltage is made about twice the 
magnitude of the reset supply voltage so that the 
output of one unit can always reset any and all of 
the units it drives. With the larger ac gate supply 
voltage, the total drop in the winding resistance and 
rectifier y, will still leave an output voltage E> larger 
than any of the reset voltages that might appear in 


supply 


FIG. 9. LOGIC-UNIT CIRCUITS DERIVED FROM BASIC RAMEY CIRCUIT 


A. Ramey AND circuit 
B. Ramey NOT circuit. 


(—) de 





{Ao 





Inputs < B © 








iC o 




















the driven units when a number of units are being 
driven. It should be noted that the inputs to these 
units do not necessarily have to be the half-wave 
sinusoidal voltages shown. A _ full-wave rectified 
sinusoidal voltage could be used, or even a de voltage 
as long as it is large enough to prevent reset. 

Figure 9A shows an AND circuit evolved from the 
modified Ramey circuit of Figure 8C. This circuit 
has three inputs, each similar to the single input in 
Figure 8C. As long as any one of the inputs A, B, or 
C is not present, there is a reset path for the mag- 
netizing current through the rectifier corresponding 
to that particular input. There is an output only 
when all inputs are present simultaneously, since in 
this case there is no reset path, 

lhe modified Ramey configuration can be easily 
converted to a NOT circuit. If only the input signal 
with polarity as shown in Figure 9B is introduced 
in the reset circuit, and not the usual reset ac supply 
voltage, then the circuit resets (or yields no output) 
only when the input signal is present. This is the 
NOT or negation function in logic. However, if the 
input signal is not present, there is no reset voltage 
to drive the flux down during the reset half-cycle and 
no reset occurs. With no reset from positive satura- 
tion, an output appears for the full gating half-cycle. 

This circuit also requires the y, rectifier, which here 
has the important function of limiting the current 
flow when an input is present at terminal a in Figure 
9B. This input drives the flux downward until on 
reaching negative saturation the voltage no longer 
appears across the winding. The winding then pre- 
sents a low impedance, so that under normal circum- 
stances a large current would tend to flow. However, 
being limited by rectifier ys, this current can only 
increase to slightly over the magnetizing current. 
The bias current through y, from the minus dc 
supply permits the winding current to increase only 
until rectification limits additional negative flow. 


Conventional magnetic amplifiers 
as switching devices 


The usual magnetic-amplifier circuits, such as 
center-tap, doubler, full-wave bridge, etc., can be 
adapted for switching service’. Figure 10A shows the 
magnetic-amplifier output characteristic as a function 
of input ampere-turns. Notice that for negative sig- 
nals the output characteristic is zero until nearly zero 
input ampere-turns. As the ampere-turns applied to 
the magnetic amplifier are increased from extreme 
negative values toward zero, the usual analog or pro- 
portional control region is reached. In this region, 
the output voltage increases approximately linearly 
with net input ampere-turns. But when the output 
or gating winding on the magnetic amplifier has no 
voltage drop (low “impedance” presented at wind- 
ing) during the gating half cycle, and the load cur- 
rent flows for the full gating period, the output 
average voltage stops increasing just short of zero 
ampere-turns. Thus, the conventional magnetic am- 
plifier has the makings of a digital device—the out- 
put is either ON or OFF except for the compara- 
tively small linear region. 

With the proper bias and signal magnitudes and 
the proper polarities, many logic functions can be 
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performed with a single magnetic amplifier unit. For 
example, Figure 10A shows the magnetic amplifier 
characteristic when the bias and signals are arranged 
to give an AND function, X, of Table II. The bias 
is minus three units of ampere-turns, and each of 
the signals A, B, and C are applied in a positive 
ampere-turn sense. Note that when two or less of 
the three input signals are present, the amplifier 
output is OFF. However, when all three of the sig- 
nals A and B and C are present the amplifier is ON. 

By decreasing the bias magnitude, different func- 
tions can be performed. Figure 10B is illustrative; 
it shows the bias as minus one ampere-turn unit, 
with the three input signals unchanged from part A 
of the figure. Now it is seen that for any one of A 
or B or C, there is an output voltage from this 
magnetic-amplifier unit. This then is an OR per- 
forming magnetic amplifier. 

If the bias is eliminated entirely and only signal A 
is used in a negative sense, the magnetic amplifier 
will not have an output when A is present, Figure 
10C. This is a means of generating the NOT func- 
tion of A, X; of Table II. 

To gain more insight into the possibilities of using 
magnetic amplifiers as switching devices, consider 
what can occur between the situations of Figures 
10A and 10B. This is intermediate to the AND 
and the OR function in the sense that the bias is 
between the values of minus three for the AND 
function and minus one for the OR function. With 
a bias of minus two units, the unit is OFF for one 
or less signals, and ON for two or more signals. ‘This 
can be expressed by the switching algebra function 
that gives the three possible combinations of two 
signals at a time: 


AB+BC+CA (17) 


The preceding examples show that a magnetic- 
amplifier unit responds to the algebraic sum of 
signals, and thus can easily be designed to give an 
output for many combinations of bias and multiple 
signals. Yet these signals need not each be positive. 
A magnetic amplifier of this type can respond to two 
or more signals of the nature of (NOT A), (NOT 
B), and (C). This is the switching function of X;, 
in Table II if the first and third “don’t care” condi- 
tion are used as 1’s. It gives the logic function 

AB +BC+CA (18) 
Figure 10D shows the output characteristic for this 
function. No bias is used and signals A and B are 
shown in the negative sense. This is because the 
function is two or more of AAND B AND C. Thus, 
the negative portions of the logic function are ap- 
plied to the magnetic amplifier in the negative sense. 

It can be noted in checking Table II that an out 
put occurs only for the four cases given for X; (where 
two of the cases are those listed in the table and the 
other two result from considering the first and third 
“don’t care” conditions as 1’s). For example, if 
signal A is present the operating point is minus one 
ampere-turn units, while if C is present also, the 
operating characteristic is brought back to zero net 
ampere-turns, or to an output condition. This shows 
in a more subtle way how this unit can give an out- 
put for two or more of the input signals. In addition, 
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FIG. 11 


A. Connected for function X,4 of Table Il 


CENTER-TAP MAGNETIC-AMPLIFIER CIRCUIT CONNECTED FOR SWITCHING SERVICE 
B. Memory characteristic of center-tap circuit. 





without separate units, this magnetic amplifier can 
perform the NOT operation for any individual signal 
by using the sense of the required signal. 

In the logic functions considered in Figures 10A, 
B, C, and D, each signal has the same amplitude. 
This means that no one signal predominates over the 
others, even though many logic functions have one 
or more of the signals entering into the logic in a 
predominate manner. Function X, of Table II is 
This switching function is C and (A or 
B), so that C enters the logic in a predominate or 
unsymmetrical manner compared to A and B. This 
indicates that C should probably have a signal magni- 
tude different from A or B, and that A and B should 


probably have equal signal magnitudes since they 
enter the logic in a similar manner. Figure 10E 


an example. 


shows how to implement this logic function. The 
bias and signals A and B each have a magnitude of 
minus-one units. But C has a magnitude of plus-two 


FIG. 12. Basic circuit of pulsed magnetic 
amplifier for switching service. 


units. Thus there is an output whenever C is present 
except when signals A and B are both present. 

Table II can be modified to show exactly when 
an output is or is not present for given input signal 
magnitudes and polarities. This is done by inserting 
the magnitude and sign of the signal in Table II 
instead ‘of the l1’s, whenever that particular signal is 
present. In this case it would mean that A ‘would 
have a magnitude of minus one whenever its signal 
was present, and B would have a magnitude of minus 
one whenever its signal was present. C, though, 
would have a magnitude of plus two when its signal 
was present. The sum of the A, B, and C signals 
plus the bias magnitude of minus one for each of 
the eight input combinations, determines the net 
input signal. If this sum is minus one or less, the 
amplifier is in the OFF state; if it is zero or greater, 
the amplifier is in the ON state. Doing this for the 
logic function of Figure 10E shows that there are 
net inputs of zero or greater only for the three cases 
in Table II when an output is present for X,. 

A large class of combinational logic functions can 
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be handled by individual magnetic amplifiers on the 
basis just discussed. It is advisable to tabulate the 
required signal magnitudes and polarities along with 
the bias magnitude and polarity for each of the possi- 
ble logic functions. This cataloging could be quite 
extensive, particularly if the much-used combinations 
of multi-purpose units are included, but it will save 
engineering time on most specific design problems. 
Note that if the bias used in Figure 10E is reduced 
to zero, the form of the logic function is altered such 
that the AND and OR operations are now reversed. 
Thus the switching function when no bias is present 
is (A and B) or C. Switching algebra notation gives 


AB +C (19) 


The appearance of the switching function is not 
changed much from that of the figure, since C 
enters as a positive signal and (A and B) are still 
NOT functions. Thus, by changing just the bias 
and not the signals, the switching function is altered 
even though C, the larger of the two signals, is twice 
the size of the negative signals A and B. 

Figure 11A shows a_ center-tapped magnetic- 
amplifier switching circuit, with two magnetic cores 
of sharply saturable material. Each core has a gat- 
ing winding on it of N, turns. The ON and OFF 
signal windings of Ns turns are wound to include 
both magnetic cores. All input signals are positive, 
and the sense of the ampere-turn polarity for the 
OFF winding is opposite to that of the ON winding. 
Positive input signals applied to terminals 1 and 2 
give ampere-turns that tend to turn on the magnetic 
amplifier output, while positive signals applied at 
terminals 3 and 4 tend to turn it off. 

l'o produce the logic function of Figure 10E, th 
dotted connections of Figure 11A must be added. 
Signals A and B both appear in a NOT or negative 
so they are applied to terminals 3 and 4 
the OFF winding input. The two units of positive 
amplitude then for signal C are furnished by con 
necting terminals 1 and 2 together and applying 
signal C to the junction. Mixing resistors R, are 
paralleled when terminals 1 and 2 are connected, so 
that about twice the current flows for C that flows 
for either signal A or B. Mixing the signals through 
resistors at each input is possible if R, is large com 
pared to the winding resistance of Ns, turns. The 
bias required for Figure 10E is minus-one unit. This 
is accomplished in the center-tap circuit by making 
the dotted connection shown for the bias winding. 
This uses one-half of the possible bias turns. 

Resistance R, provides a small amount of positive 
feedback, so that as the input signals start to turn 
ON the magnetic amplifier, they are aided by the 
current flowing through this resistor to the ON 
winding. Thus the amplifier turns on more rapidly 
than is possible without feedback. This causes the 
output characteristic of Figure 10A to become 
steeper and to “snap” in changing state. 

Additional positive feedback on this type of switch- 
ing magnetic-amplifier circuit will give it a memory 
or storage characteristic. Sufficient positive feedback 
will make sure that the amplifier drives completely 
ON once it starts to turn ON. This can be accom- 
plished in Figure 11A by connecting the output 
terminal to terminal 1 of the ON winding circuit, 


sense, 





FIG. 13. CONTROL AND BIAS WINDING 
CONNECTIONS FOR PULSED 
MAGNETIC-AMPLIFIER LOGIC CIRCUIT. 


A. OR unit connections. 

B. NOT or NOR unit connections. 
C. Memory unit connections. 

D. AND unit construction. 


and applying the external ON signal to terminal 2. 
As shown in Figure 11B, once the amplifier is turned 
ON, the feedback will hold the amplifier ON even 
after the external ON signal goes to zero. Thus, the 
ON signal has no further control over the circuit 
until it can be turned OFF by some means. One 
way is to apply an OFF signal at terminals 3 and 4 
connected together. The result is an OFF signal 
double the magnitude of either the ON or the feed- 
back signal. Then the OFF signal can turn the 
amplifier OFF even if the ON signal is still present. 

The right-hand portion of Figure 11B shows the 
bistable characteristic that results if the positive feed- 
back is considered as a part of the characteristic and 
not as an external signal. Note that an ON signal 
turns the amplifier ON, but that even after the ON 
signal goes to zero the amplifier will not turn OFF 
because the path to be followed by a decrease in 
output is to the left of the path for an increase in 
output. However, even if the ON signal is present, 
the double-magnitude OFF is still sufficient to turn 
the amplifier OFF. This shows how feedback is 
used for memory, though this feedback is somewhat 
different than the feedback present when logic units 
of OR-NOT feed another OR-NOT, which in turn 
cross-feeds the first, Figure 6C. 

In summary, magnetic amplifiers, or for that 
matter any type of amplifier that has two definite 
output states that respond to the sum of input 
signals, can be used as switching or logic devices. 
And since a number of input signals can be mixed, 
a considerable number of combinations of switching 
functions may be possible. 

This feature is useful not only for units specifically 
designed for logic service, but also for output-power 
magnetic amplifiers. In fact, it has been found in a 
number of cases where the logic to be performed is 
relatively simple, that the entire logic can be per- 
formed by using mixing resistors and/or several sepa- 
rate signal windings fed from these resistors. Thus, 
simple logic can be performed on the control wind- 
ings of the power output amplifier, which would 
normally be required anyway. 

Switching systems sometimes require time-delay 
elements to make sure that operations occur in the 
proper sequence. Time delays of several seconds can 
be obtained in either type of magnetic-amplifier 
switching circuit by charging or discharging capaci- 
tors through resistors or nonlinear elements such as 
rectifiers that control charging rate. This may be a 
time delay in turning ON or turning OFF the ampli- 
fier after the motivating signal has been applied. 

An entirely different method of time delay is 
possible by using a very low impedance control-wind- 
ing circuit. For example, if in Figure 11A the re- 
sistors R, at terminals 3 and 4 were removed and 
the OFF winding either shorted or closed through a 
low resistance, there would be a delay between the 
application of an ON signal and the turning ON of 
the amplifier. This delay is caused by the fact that 
the ON winding is magnetically coupled to the OFF 
winding and induces a voltage in it. With a low- 
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FIG. 14. THE TRANSISTOR NOR CIRCUIT. 


A. Basic NOR Circuit. 

B. Symbolic representations of NOR. 
C. Basic transistor memory circuit. 
D. NOR representation of memory. 


Dc supply 








Output 


resistance path, a large current will flow in the OFF 
winding in a direction opposing the ampere-turns 
that are trying to turn the magnetic amplifier ON. 
Thus, the net flux linkages in the circuit change only 
slightly each cycle of the supply voltage, and many 
cycles are required to turn ON the amplifier. 


Pulse-type magnetic amplifier switching circuits 


Another static switching system being used is also 
based on magnetic-amplifier-type circuits. This was 
developed particularly for logic devices. One of its 
unique features is that its gate power is supplied in 
the form of repetitive pulses. The pulse power supply 
used for a system composed of these units uses static 
devices to shape the pulses, primarily by means of 
two sharply saturable magnetic elements. 

Figure 12 shows the basic circuit. The magnetic 
amplifier has only one sharply saturable magneti 
core; the rectifier in the gate winding permits cur 
rent to flow in only one direction; the applied pulse 
power consists of two equally-spaced positive polarity 
pulses for each cycle of the ac input to the pulse 
supply shaping circuits; and the capacitor in the gat 
ing circuit stores energy from the pulses and dis 
charges it through the feedback winding and load 
during the ON mode of operation (when the mag 
netic core material is near positive saturation at the 
beginning of a pulse). The pulse charges the 
capacitor almost immediately, since the core is at 
positive saturation and the gate winding voltage is 
practically zero. After the pulse, the capacitor dis- 
charges through the feedback winding and the out- 
put decreases almost linearly, giving the sawtooth 
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shape output voltage waveform shown in th« 

Feedback in this case causes the same change in 
output characteristic as it did for the center-tap 
circuit of Figure 11. Thus the output characteristi 
for the pulsed magnetic amplifier with feedback 
assumes the hysteresis or “lag” curve shown in the 
right-hand part of Figure 11B. 

Ihe rectifier in the gate winding pr its. the 
capacitor from discharging and forces all 
charge through the feedback winding. Th« 

R in the output circuit is large compar 

possible connected load (the usual load is tl 

trol windings of similar-type devices being « n | 
this one). The total resistance of these control wind 
ings in series is usually fairly small compared to R, so 
that the required average current can flow through 
the driven windings during the ON condition 

If the amount of feedback is small, and a negative 
bias is used to make sure that the unit is OFF when 
none of the inputs A, B, or C is present, the 
presence of any one of the input signals will provide 
sufficient ampere-turns to switch the unit ON. Ter- 
minals 2 and 3 are provided to give greater flexi- 
bility. For example, if more than ten control wind- 
ings in series are being driven by this unit, the aver- 
age output current when the unit is ON will be 
somewhat less than the desired value. In this rare 
case, another resistor is placed between terminals 1 
and 2, shunting resistor R and bringing the load 
current back to the proper level. Resistors connected 
between terminals 1 and 3 can decrease the amount 
of feedback and thus alter the output characteristic 
to meet special requirements. 


One advantage of a pulse<lriven circuit is that it 





can saturate at a small value of integrated volt-sec- 
onds. This means less core material and fewer turns, 
and thus a unit that is smaller and cheaper than one 
designed to be supplied by a larger value of volt- 
seconds each cycle. Another advantage is that the 
pulse voltage can be high enough so that in the eveni 
of a poor or corroded connection, sufficient voltage 
is available to break down the resistance. 

When the bias or control signals produce negative 
ampere-turns so that the unit is OFF, the output 
voltage does not go completely to zero. It is one 
reason why this circuit uses only a single signal to 
turn it ON or OFF. This means that the bias used 
with this circuit can only be minus-one ampere-turn 
units or zero, and that even though the amplifier 
uses additive ampere-turns to determine the output 
state, the circuit of Figure 12 cannot be used as an 
AND circuit as in Figure 10A, where the three sig 
nals add to give the output. 

[his does not mean, however, that the input is 
restricted to one signal, even though the way the 
circuit is used, only one signal can be used to change 
state. It docs mean, though, that unlike the two pre- 
viously discussed circuits, no special method is re 
quired to quell the small zero output signal. 

Figure 13 shows the control and bias winding con 
nections for several logic units constructed from the 
pulsed magnetic-amplifier circuit. In 13A the bias 
and signal connections are for a OR logic unit. Here 
the bias gives one unit of negative ampere-turns and 
each signal one positive unit of ampere-turns. The 
resulting output characteristic is exactly that shown 
for the OR function in Figure 10B. There is an 
output for input A or B or C. 

In 13B the connections are for a NOT or NOR 
logic function. If only input A is used, then the 
output is NOT A. This corresponds to Figure 10C, 
where a negative signal A gives the output character 
istic of NOT A. This unit has two inputs, though, 
so it is actually a combination of two logic functions, 
an OR unit followed by a NOT unit. This combina 
tion is sometimes called a NOR logic function. Thus, 
there is an output for only neither A nor B. 

The memory unit connections are shown in Fig 
ure 13C. The bias is minus-one unit, and there are 
two control windings of opposite polarity. Many 
more turns are used on the feedback winding to 
widen the bistable band between the ON and OFF 
states of the output characteristic, as shown in the 
right-hand portion of Figure 11B. The control 
winding with positive-winding sense is used for the 
ON signal, and the one with negative sense for the 
OFF signal. Figure 11B shows that when neither 
the ON nor the OFF signal is present, the output 
state corresponds to that of the last signal present. 

The AND logic unit operates on the same basic 
principle as the other units. But here, the ampere- 
turns as such are not added; rather the flux produced 
by them is added. Important use is made of the fact 
that the relationship between ampere-turns and flux 
is nonlinear for saturating magnetic circuits. 

The OR, NOT, and memory logic units of the 
pulsed magnetic-amplifier tvpe required only one 
signal to turn the unit ON or OFF. However, a 
two-input AND unit requires two signals to give an 
output. For this reason the construction of the 


magnetic circuit for the AND unit is decidedly 
different than that of the other units. The AND 
logic unit magnetic circuit has as many separate 
magnetic cores or apertures in a single core as there 
are inputs. Figure 13D shows this for a two-input 
AND unit with input signals A and B. The eftect 
of the separate magnetic path for each signal is 
digital in nature. Thus, if signal A is large enough 
its magnetic path will saturate. However, until signal 
B is also large enough to saturate its magnetic path 
there will be insufficient flux to give an ON output, 
since the usual gate, feedback, and bias windings 
include both of the separate magnetic paths. In fact, 
either signal can be many times that value required 
to saturate its magnetic path and the unit will still 
not turn ON since the main voltage drops appear 
across the gate and feedback windings because of 
the unsaturated magnetic path associated with the 
other signal. The bias is negative and of sufficient 
magnitude to require that for normal ON input 
signals at either A or B, the corresponding magnetic 
circuit flux is forced to positive saturation. This 
magnetic summing limits or clips each input signal 
Four or more inputs can easily be summed to give 


an output only when all of the inputs are present’. 


Transistor switching circuits 


Of the other static logic devices, transistors, per 
haps in conjunction with magnetic elements, appeat 
to offer one of the shining hopes for the future, with 
their lower power consumption, small size, and excel- 
lent performance as a switch. Though manufacturing 
problems (resulting in questionable reliability) have 
limited the application of transistors to industrial 
static switching service, these problems are being 
gradually overcome, and the transistor will un 
doubtedly play an important future role in this field. 

Just as there are many ways to use magnetic devices 
in switching service, so there are many possible tran 
sistor circuits. A basic transistor logic circuit is 
shown in Figure 14A. This circuit is simple and 
makes good use of the transistor as a switch’. The 
logic function it performs is sometimes known as the 
NOR function, which is actually a combination of 
an OR followed by a NOT, as shown in Figure 14B. 
(Note that the same symbol is used to represent 
both the NOR and amplifying functions.) The OR 
function is achieved by the resistive mixing of the 
input signals A, B and C through resistors R,, con- 
nected to the base of the transistor. If a megative 
signal is applied to one or more of the inputs, the 
transistor becomes a good conductor and thus prac 
tically a closed switch. In this case the output is 
zero, since it is essentially tied to ground. If none 
of the input signals A, B, and C is present, there is 
an output X,. Table IT shows the input combination. 

This output can be used to drive the inputs of 
other NOR units, and complete logic systems can 
be built up. The interesting point is that NOR 
units can perform the functions of AND, OR, NOT, 
and memory logic units. In fact, NOR elements used 
as standard logic building blocks can replace entire 
systems of primitive logic functions. 

A memory or flip-flop circuit can be constructed 
out of two NOR units. The basic memory circuit 
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shown in Figure 14C uses two two-input NOR units. 
If an ON signal is present, the base of the left-hand 
transistor is made negative and the left-hand tran- 
sistor conducts. Connecting the left-hand transistor 
collector through resistor R, to the base of the right- 
hand transistor, makes sure that the right-hand 
transistor will not conduct by applying zero voltage 
to its base. Thus there is an output which remains 
even after the ON signal is removed. As soon as an 
OFF signal is applied, the output goes essentially 
to zero and remains that way until another ON 
signal is applied. Functionally, this performs the 
sane as the logic circuit of Figure 6C. In practice, 
the memory circuit and basic NOR circuit usually 
have additional resistors and rectifiers. 

l'ransistors can be almost one-to-one replacements 
for single-contact relays”. If a signal is applied to the 
base contact of a transistor in a circuit such as the 
one shown in Figure 14A, the transistor conducts 
like a closed switch and acts much like a normally- 
open relay. An OR circuit thus can be constructed 
from a parallel arrangement of transistors, and an 
AND circuit from a series arrangement. 


Other static switching devices 


Several other kinds of static switching devices 
have been developed and used in digital computers 
or data-handling systems of one kind or another. 


A LOOK AT COMMERCIALLY- 


At the present time only Westinghouse Electric 
Corp. and General Electric Co. are actively produc- 
ing static switching devices and systems for industrial 
control service. However, the Boston Div. of Minne- 
apolis-Honeywell has indicated that it will soon enter 
the field, and other manufacturers of standard relay 
and motor-starting control equipment may follow 
suit. Thus far, the magnetic-amplifier-type circuits 
discussed form the prime basis for the logic devices 
in existing commercial systems. 


Westinghouse Cypak systems 


Westinghouse was the first in the field with the 
Cypak units, which have been available for about 
two years. As is common with new developments, 
these units were originally supplied in an open-wired 
form; they have since been packaged in neat, handy 
encapsulated modules. 

The elements are based primarily on the Ramey 
circuit. The Cypak AND unit uses a circuit of the 
type shown in Figure 9A, and is available in one 
input, two-input, and three-input models. Each can 
be provided with additional inputs from special 
separate modules, each containing the extra rectifiers 
and resistors required for the additional AND inputs. 

The Cypak NOT circuit is shown in Figure 9B. 
(his unit is available in a module that also contains 
a two-input OR circuit. Together they form a half- 
memory element, since they can be combined with 
another half-memory module to form a memory unit 
of the type shown in Figure 6C. 

The Cypak OR circuit is of the type shown in 
Figure 7B. A number of the Cypak logic modules 
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FIG. 15. Front and rear views of 
General Electric ICD static-switching units. 


One is ferro-resonant circuits which are bistable and 
thus act as binary elements. Circuits consisting of 
ferro-resonant trigger pairs and like elements have 
also been contemplated. 

Magnetic cores have been used as memory devices 
in large-scale data-handling systems, where the one 
of two possible saturated states indicates the informa 
tion content. By special investigational circuits thesc 
memories can be interrogated to check the state of 
particular rectangular-loop cores. These devices can 
be made quite small. 

Other magnetic-type static switching devices com« 
under the classification of multi-aperturc 
I'hese can be used for signal modulation, or in mem 
ory systems where the state of the flux level in a 
core is remembered as in a conventional magnetic 
amplifier. Special semiconductor devices also show 
promise as static switching units. One such element 
is the double-base diode”. 


cores 


AVAILABLE SYSTEMS 


(for example, the half-memory unit mentioned pre 
viously) contain a two-input OR circuit, and one 
contains two of those two-input OR circuits. 

Another logic module available in the Cypak 
series contains a retentive memory addition element. 
This element, along with two half-memory units, 
gives what is known as a permanent memory. ‘The 
retentive element “remembers” the state of a mem- 
ory just prior to a loss of power, and makes sure that 
when the power is reapplied the memory is in the 
state held just before power failure. In effect, it stores 
this information as the saturation level in another 
sharply saturable magnetic core. 

Another Cypak module can give time delays of up 
to 20 sec, and even longer with added elements. 

All of the Cypak logic elements are packaged in 
molded plastic blocks of the pclyester series. All 
power connections are on one face of the block, 
and all logic connections are on the other face. The 
power connections plug into special power terminal 
strips. The logic connections are made primarily 
between one logic element and another, using the 
terminals on the top surfaces. The busbar power 
channel is designed so that phase of the power sup- 
plied to the logic elements depends on the orienta 
tion of the power unit when it is plugged in. The 
ph»se can be reversed by removing a unit, rotating 
it 180 deg, and plugging it in again. 

\ unit containing two separate initial-input trans 
formers is also available in module form. These are 
used with the original circuit inputs (pushbuttons 
or limit switches), and operate on 110 vac. The 
input transformers step down this voltage to approxi 
mately 16 volts. It is then rectified to give a full 





wave output and used as the input signals to the 
Cypak logic elements. 

Ihe output elements designed for Cypak units 
include preamplifiers and output power amplifiers 
in ratings of 50, 150, and 300 volt-amperes steady 
state. Regulation specifications on the amplifiers in 
dicate inrush characteristics. 


GE Industry Control Dept. systems 


Within recent months General Electric Co. an- 
nounced the availability of two different static 
switching systems. The ones produced by the In 
dustry Control Dept. (manufactured in Roanoke, 
Va., and identified hereafter as ICD devices and sys 
tems) are based on a center-tap magnetic-amplifier 
circuit of the type shown in Figure 11°. They are 
designed on the multi-function principle to reduce 
the number of units required in a complex system 
and to increase the flexibility of the individual units 

A red unit (colored for identification purposes ) 
uses essentially the circuit of Figure 11A, but with 
three OFF signal inputs. There is also a monitor 
light across the output to indicate when the unit 
is ON. This aids in maintenance and gives an indi- 
cation of switching-sequence progress during opera 
tion. The monitor light uses a 12-volt filament-type 
bulb operated at about half-voltage (unit output is 
about 6 volts) for long life. This unit, and other 
similar units in the series, have provisions for holding 
the output signal level in the OFF state to a very 
low level, as do the Westinghouse Cypak units. 

\ blue unit in the ICD series is similar to the 
red unit except that it has three ON inputs and two 
OFF inputs. A black unit has one ON signal wind 
ing only, but with the various inputs and resisto: 
combinations provided, time delays of up to 10 sec 
can be achieved in turning ON or turning OFF the 


unit by connecting an external capacitor. A green 


unit provides short time delays by magnetic action. 
Brown and yellow units are OR and AND logic ele- 


ments of the rectifier type shown in Figure 7A. 

\ gray switching unit contains an NPN silicon 
transistor used as an isolation switch. The transistor 
acts like a controlled switch in series with either a 
silicon or a germanium-junction rectifier. The silicon 
rectifier terminal connection is used if the leakage 
current must be kept extremely low, the germanium 
rectifier terminal if an extremely low forward drop 
is required. A purple unit, also available, has three 
isolated windings and no internal feedback. This 
unit is used when inputs are at different voltage levels 
and cannot be tied to a common input. 

The gray unit is used primarily in regulator cir- 
cuits where it is necessary to open or close the cir 
cuits without. introducing false voltage signals. Un- 


like the other switching units, it has the function 
of actually switching from a high impedance to a 
low impedance in a circuit, rather than giving or not 
giving an output voltage for the ON and OFF states. 

Figure 15 shows the front and rear views of two 
ICD static switching units. In the unit on the left, 
the monitor light is in the middle of the front face. 
Ihe terminals on the top are for signal input and out- 
put, and those on the bottom are for bias. ‘The right- 
hand unit shows the seven power-input terminals that 
plug into the common power bus. 

Memory is obtained from these static switching 
devices by applying positive feedback to the ON 
winding. In a temporary-type memory, the system 
assumes the OFF output state when power is re 
stored. This is accomplished by the special power 
supply used with static switching systems, which 
applies the bias a fraction of a second before the ac 
power. In a permanent memory, all units return to 
the same state they were in prior to the power failure 
his is accomplished in the ICD system by an addi 
tional sequencing system in the power supply. No 
additional logic units are required, but the supply 
must be modified to follow this sequence on restora 
tion: first, power is applied to the constant voltage 
transformer; then, one cycle later, it is applied to the 
bias circuit and ac power is applied at a reduced 
value; and finally, two cycles after the reapplication 
of power, full ac voltage is applied. 


GE General-Purpose Control Dept. systems 


The other GE static system is being produced 
by the General Purpose Control Dept. (manufac 
tured in Bloomington, IIl., and identified hereafter 
as GPCD devices and systems) and uses the pulse- 
gate-power type circuits previously discussed”. Figures 
12 and 13 show the basic circuit for this type of half- 
cycle-response magnetic amplifier, and the particular 
connections required to form various logic units. 
These pulse-power-supply units have a_half-cycle 
response to an input signal, as does the Ramey cir 
cuit. The center-tap magnetic-amplifier circuit in the 
ICD systems does not have this half-cycle response. 

Ihe logic elements that make up the GPCD 
series reflect the considerable effort expended to make 
these units fairly inexpensive to manufacture and 
moderately easy to apply. For example, the electrical 
connections (all plug-in-type connectors ) are located 
in the molded base at the bottom (Figure 16 shows 
seven different GPCD units). Note that the center 
portion of the molded base is raised so that it can 
orientate the elements in the base receptacle. The 
metal strip on each unit can hold a neon lamp, which 
lights when the unit is in the ON state. 

Another feature of the elements in Figure 16 is 


FIG. 16. Seven different types of GE GPCD static-control elements. 





FIG. 17. Westinghouse Universal Switching Amplifier 
with component mounting header. 


that the bias connections are all made in series. The 
pulse power supply is designed so that if the bias 
circuit opens at any point in the system, the supply 
pulses cease. ‘Thus, for this type of failure, the sys- 
tem fails safely. 

Also available in this system are a release memory 
and a permanent memory. The release (or tem- 
porary) memory always reverts to the OFF’ output 
condition in the event of power failure and subse- 
quent power return. When the power is turned on 
a relay opens the pulse supply circuit momentarily so 
that the bias power is always applied first. This makes 
sure that the element is driven to the OFF output 
condition. The permanent memory, on the other 
hand, uses no external sequencing when the power 
is turned on. ‘The bias and pulse supply are in series 
and are designed to come on at the same time since 
the time constants for both circuits are about equal. 
The core condition is retained on power removal, 
since the time constant of the bias circuit is about 
the same as the CR time of the output element. 

The time-delay element is magnetic. It is shown as 
the right-hand unit in Figure 16, with the adjusting 
terminal on top. Time-<delay elements are available 
in three overlapping ranges, from 0.1 to 20 sec. 

The magnetic cores in these elements consist of 


stacked laminations of grain-oriented material with 
universal-type wound coils. These should be some 
what cheaper to manufacture than the toroidal 
wound cores of the other systems. The power level 
in the logic elements is again purposely kept low. 
The output signals of the logic elements must be 
amplified to a working level in specially designed 
power amplifiers that give “snap’’ OFT action and 
zero OFF output. Static power amplifiers, such as 
conventional magnetic-amplifiers, are normally used. 


Westinghouse Universal Switching Amplifiers 


The three static-switching systems just discussed 
all require special power supplies to give the propet 
voltage magnitudes and waveforms. To solve this 
problem in small-scale systems, where the cost of the 
power supply may be an appreciable part of the total 
system cost, Westinghouse developed a “Universal 
Switching Amplifier”, which is more nearly a direct 
counterpart to a standard control relay with a num 
ber of contacts. That is, it can be used many ways 
and requires only one ac supply voltage. Also, it 
operates at a higher power level, so that for some 
applications the load can be driven directly. 

Figure 17 shows this Westinghouse amplifier. 
The lower part contains a magnetic amplifier with 
four separate control windings and a tapped bias 
winding. These and the load windings are brought 
out to the terminals on the “can”. The upper molded 
header holds the rectifiers and resistors. 

This unit is another example of a multi-pu:pose 
magnetic-amplifier logic element that can perform 
any of a considerable number of combinational logic 
functions to give the designer extreme freedom in 
applying each unit within a specific system. ‘The price 
of this flexibility is paid in increased system-engineer- 
ing-design time, although this effort may, in many 
instances, result in a logic system that requires fewer 
components than any of the other systems. 

When these units drive power-output amplifiers 
no preamplification is necessary. Frequently the re 
quired logic operations can be performed partly 
with a few Universal Switching Amplifiers, and the 
remainder with mixing resistors and the control 
windings of the power-output magnetic amplifier. 


STATIC-SWITCHING SYSTEMS APPLIED 


Since the introduction of static logic devices for 
industry two years ago, there has been a variety of 
applications in different industries. Machine-tool 
builders have been one of the largest users, due to 
the demands of the mass-production industries for 
more operations in a shorter period of time with 
less maintenance. But no industry can completely 
overlook these devices. The applications in the fol- 
lowing sections are limited to specific interesting 
portions of the circuit, since the complete circuits are 
too complex for detailed coverage. 


To a dual-ram broaching machine 


Figure 18 shows a dual-ram broaching machine 
built by the Colonial Broach Co. for the Ford Motor 
Co. and controlled by a Westinghouse Cypak system. 


CONTROL ENGINEERING 


The machine operates as follows: While one ram 
is machining the workpiece on its platen, the operator 
replaces the previously machined workpiece on the 
other platen with a new piece. Limit switches in- 
dicate the up-and-down movement of the rams and 
the in-and-out movement of the platens, both of 
which are hydraulically positioned. The hydraulic 
system is controlled by eight solenoid valves operated 
by the static-logic system. The machine can be 
operated in any one of three modes: single-cycle, 
jog-cycle, or continuous-cycle. The continuous or 
automatic cycle is described here since it makes the 
fullest use of the logic system. 

Figure 19 is a schematic diagram, simplified to 
show only the automatic cycle of operation. Many of 
the safety features, as well as the control of the right- 
and left-hand ram prefill solenoid valves and the vent 
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FIG. 19. Simplified logic diagram for automatic cycle of broaching machine shown in Figure 18. 
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FIG. 20. Cypak control panel for dual-ram broach of 

Figure 18. Note the front connections on the Cypak 

modules for the signal inputs and outputs. Power 

connections are all made when unit is plugged into power bus. 
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FIG. 18. Dual-ram vertical broaching machine 
built by Colonial Broach Co. for Ford Motor Co. and 
controlled by a Westinghouse Cypak system. 
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and transfer valves, have been omitted. Thus the 
figure is a skeleton of the logic system. 

The cycle is initiated by pressing both forward 
pushbuttons, which gives an output from the A-l 
AND unit, and in turn turns ON memory M-1. The 
memory output signal is applied to one of the in- 
puts of all four AND units, A-2, A-3, A-4, and A-5. 
At this point it is possible to follow the sequence 
of events for one complete cycle of operation. 

Assume that the initial state of the system is 
indicated by the position of the limit switches LS-1 
through LS-5, which in turn indicates the ram and 
platen positions. LS-1 shows that the right-hand 
platen is in machining position. It can also be seen 
that the left-hand ram is up and the right-hand ram 
down. In this position of the broach, there is an 
output signal from NOT unit N-2 applied to the 
input of OR unit O-1l. This provides a second 
input to the three-input AND unit A-2; the third 
input comes from the output of limit switch LS-5, 
closed when the right-hand ram is down. With all 
three inputs present, A-2 turns ON, and its output 
is amplified to energize the left-hand platen-in sole- 
noid valve. The left-hand platen moves into machin- 
ing position, and as it does so it causes LS-1 to go to 
position a. This provides the third input to AND 
unit A-4 to turn it ON. A-4 already had ON output 
signals from NOT unit N-4 and memory unit M-1. 

The amplified output of A-4 energizes the hy- 
draulic solenoid valve which drives the left-hand 
ram down. As the left-hand ram moves downward, 
the right-hand ram starts to move upward, opening 
LS-5. This removes one of the inputs to A-2, de 
energizing the solenoid valve that forced the left- 


hand platen in. Thus, the left-hand platen is in 
position to have its workpiece broached. 

When the left-hand ram reaches the bottom of 
its stroke, the right-hand ram reaches the top of its 
stroke, causing LS-4 to close and LS-3 to open. 
Now all three inputs to AND unit A-3 are present. 
starting the right-hand platen in till it moves LS-] 


to the b position. As the right-hand ram moves 
downward, the left-hand ram moves upward, opening 
LS-4 and removing one of the inputs to A-3. This 
deenergizes the right-hand platen-in solenoid valve. 
The conditions of the left- and right-hand rams (up 
and down respectively) complete the cycle. 

Note that this sequence consists of a number of 
separate steps, but that there is only one memory 
unit shown in the circuit. Memory unit M-1 indi- 
cates an ON condition after both forward pushbut- 
tons have been pressed, and an OFF condition onl 
after the emergency STOP pushbutton is closed. 
The other required memory functions ate accom- 
plished by feedback external to the logic system. 
Thus, the positions of the mechanical parts in the 
system represent stored information required for the 
proper sequence of operation. 

In the schematic of Figure 19, the 115 vac across 
the pushbuttons and limit switches feeds into units 
represented by a circle with a diagonal across it. 
These are the initial input units described for the 
Cypak system, and consist of stepdown transformers 
with full-wave rectification of the output. The 
input to the Cypak elements has an average value of 
about 15 volts. The 115 volts is used across the 
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contacts so that any surface film or grime on the 
mechanical contacts will burn away. 

The @ and ¢ designations on each Cypak logic unit 
in the schematic show the relative half-cycle of input 
or output. The phasing of subsequent units is 
important, since each unit (except for the OR unit, 
which does not contain a magnetic core) must be 
properly phased so that the core resets on one half 
cycle and the output is gated on the next half-cycle. 
' The preamplifier units usually consist of two one 
input AND units with slightly higher than normal 
power handling capacity. One unit follows the 
other so that both half-cycles of the output are ampli- 
fied to drive the 150-volt-ampere magnetic amplifier, 
which in turn drives the solenoid valves. 

Figure 20 shows the Cypak control cabinet for 
this svstem. The logic units are plugged into their 
power strips in the upper center of the panel, and 
the eight power amplifiers are in the lower portion 


To a sawmill lumber conveyor 


Another Cypak application is in the control of a 
Lutcher & Moore Lumber Co. sawmill horizontal 
resaw outfeed conveyor. Here good boards must be 
separated from waste and nonusable boards. Figure 
21 shows plan and side views of the conveyor sys 
tem being controlled. Conveyor 1 is driven by a 
reversing gearmotor, and conveyors 2 and 3 run con 
tinuously and are not controlled by this system. 

In Figure 21, two boards (one on top of the 
other) leave the horizontal resaw and move onto 
conveyor 1. The upper board is usually waste—a 
slab-shaped board with bark on one side. When 
the boards clear limit switch LS-1, conveyor 1 is 
driven to the right. The combined action of the 
conveyor dog and a fixed stop pulls the bottom 
board from beneath the upper board and drops it 
on conveyor 2. As conveyor | stops and reverses at 
a signal from limit switch LS-2, the conveyor dog 
carries the waste board to the left and deposits it on 
conveyor 3. Conveyor | stops and awaits the next 
pair of boards when limit switch LS-3 is operated. 

If both boards coming onto the conveyor are good, 
the operator presses a momentary contact pushbut- 
ton marked “no-waste”. This results, first, in the 
operations for depositing the lower board on con 
veyor 2, after which conveyor | continues to run to 
the right (overruns LS-2) for one complete revolu 
tion, passes limit switches LS-4 and LS-3, and pushes 
the upper board onto conveyor 2. When the con 
veyor dog strikes LS-2 for the second time it stops 
and reverses. When the dog hits LS-3, the conveyor 
stops and waits for the next cycle. Unless the opera 
tor again presses the “‘no-waste” button, the subse 
quent cycles will be the same as the first. 

Figure 22 shows the logic schematic for this hori 
zontal resaw outfeed convevor. If the selector switch 
is in its “normal” position, and the normal initial 
conditions exist for all memories turned OFF and 
all limit switches in the position shown, the sequence 
can begin. One input to AND unit A-2 is provided 
when the boards hit limit switch LS-1. The other 
input is already present (from the normally-closed 
contact on LS-2 through OR unit O-1), so that 


AND unit A-2 gates an ovtput. This turns memory 
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FIG. 21. Physical arrangement 

of horizontal resaw outfeed conveyor 
installed at Lutcher & Moore 
Lumber Co. and controlled by a 
Westinghouse Cypak system 
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FIG. 23. Bandsaw and resaw conveyor at 


FIG. 24. Left-hand enclosure contains C k 
the Lutcher & Moore Lumber Co. a 


control units for resaw conveyor 





FIG. 26. GE ICD static-switching panel for contro! of complex 
conveyor system. Monitor lights on the face of the units are 
a trouble-shooting aid for both the control and the conveyor system. 


FIG. 25. An example of shift-register logic operation as it can 
be performed using General Electric ICD static-switching elements. 














unit M-2 ON, providing one input to AND unit 
A-3. When the boards clear LS-1, its normally- 
closed contact provides the other input to AND 
unit A-3, and A-3 gates an output. This turns ON 
memory unit M-3, energizing the output circuit and 
causing conveyor | to run to the right. 

When the conveyor actuates limit switch LS-2, 
one input is provided to AND unit A-4. The other 
input is already present because memory unit M-1] 
has remained in the OFF state. AND unit A-4 gates 
an output and turns OFF memories M-2 and M-3. 
Conveyor | stops and reverses, moving to the left 


until LS-3 is tripped, at which time it stops. 


If both boards are good and the selector switch is 
still in the “normal” position, the operator presses 
the “no-waste” button. This provides one input to 
AND unit A-l. The other input is already present 
from the normally-closed contact on limit switch 
LS-4, and AND unit A-1 gates an output, turning 
memory unit M-] ON. This means that when LS-2 
is first tripped by the conveyor dog only one input 
is present for AND unit A-4 and memories M-2 and 
M-3 are not turned OFF, so the conveyor keeps 
moving to the right past limit switch LS-4. When 
LS4 is tripped, memory unit M-1 is turned OFF. 
Now the next time LS-2 is tripped, both inputs to 
AND unit A-4 will be present and memory units 
M-2 and M-3 will be turned OFF, deenergizing the 
output circuit. Conveyor 1 will stop and reverse, 
moving to the left until LS-3 is tripped. 

If the selector switch is in the “no-reject’’ position, 
the operation will repeat without pressing the “no- 
waste” button for each pair of boards. This is be- 
cause limit switch LS-1 turns on memory unit M-1 
each time it operates, so that only one input to AND 
unit A-4 will be present the first time LS-2_ is 
tripped. Limit switch LS-4 will then turn memory 
unit M-1 OFF, so that both inputs to AND unit 
A-4 will be present the second time LS-2 operates 
during a cycle. AND unit A-4 gates an output, de- 
energizing the output circuit. NOT unit N-1 turns 
all memory units OFF if power fails. 

Figure 23 shows one of the band saws and resaw 
conveyors at the Lutcher & Moore sawmill. The 
left-hand control panel in Figure 24 contains the 
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Westinghouse Cypak system for the horizontal resaw 
outfeed conveyor control just discussed. 


To a warehousing conveyor 

GE has applied its ICD static switching equip- 
ment to an extensive conveyor control system at a 
large eastern appliance plant. Six products of three 
buildings are delivered to a warehouse, where the 
conveyor divides into nine spurs leading directly to 
rail and truck loading platforms and to storage areas. 

One of the interesting features of this system is 
the use of a shift register, a technique borrowed 
from the digital computer field. Since the conveyor 
is sectionalized, the information concerning the rela 
tive position of parts moving along the conveyor 
must be retained as the items move from one section 
to the next. This can be done in a shift-register 
logic system such as shown in Figure 25. 

Assume that an ON signal is applied to the left- 
hand element in Figure 25A (one of the multi-pur- 
pose units in the ICD line). With a bias of minus- 
one unit, the output M appears as soon as the ON 
signal of plus-one unit is applied. Feeding back the 
M output to another ON input terminal makes surc 
that the ON state is remembered even after the 
original ON input signal is removed. Now the 
problem is to shift the ON state from the left-hand 
to the right-hand unit. 

This can be accomplished by applying SHN sig 
nal to the green unit and to one of the ON termin: Is 
of the blue unit. This shift-to-N signal, along with 
the M signal, provides two positive units of signal 
to counteract the minus-two units of bias. ‘Thus the 
unit switches ON and gives the N signal. ‘This sig 
nal is fed back around to the third ON input of the 
blue unit and provides an additional positive signal 
to hold this unit ON after the SHN signal is re 
moved. There is a short time delay in the green 
unit before signal CM appears at its output. This 
cancel-M signal turns OFF the left-hand multi- 
purpose unit and signal M disappears. However, 
N,the blue-unit feedback signal, is applied at an in 
put terminal that has a lower value of resistance 
than the other input terminals, and provides two 
positive signal units. Even after signals M and 
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FIG. 27. Schematic of index 

chain mechanism used on 
three-station machine for fabricating 
oil filler caps. GE GPCD 

static switching control is used 

on this A-C Spark Plug machine. 


FIG. 30. GE engineers simulate 
circuit to be used to control 
A-C Spark Plug machine on 
static-control simulator 
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FIG. 29. Two-input AND unit being plugged into 
base receptacle in GE GPCD static-control simulator, 








FIG. 31. Westinghouse transistor NOR units 
mounted on printed-wiring board. The larger NOR 
units on the board will handle six separate inputs. 


SHN are removed, this higher-level positive signal 
holds the unit ON. Note that the cancel-N signal, 
CN, is required to turn the blue unit OFF when 
the information stored in this device is shifted to a 
subsequent unit. ‘These units are connected to the 
permanent memory portion of the static-switching- 
system power supply. ‘Thus, after loss of power or 
normal shutdown of the conveyor system, the in- 
formation specifying the location of each item is 
remembered when power is reapplied. 

Figure 25B shows the electromechanical relay cit 
cuitry that would be required for this job. 

his GE conveyor system uses the binary code to 
identify each part within a given section. With a 
four-binary output, there are 16 possible combina- 
tions of output signals, yielding a numbering system 
of zero through 15. This can be done by designating 
the four static:memory devices as code one, code 
two, code four, and code eight. 

How can this code be used in a shift-register sys- 
tem for conveyor control? Assume that part 11 is 
to be retained when it reaches shipping area G. In 
the first section of the conveyor, the binary code for 
this part is established on the static devices by turn 
ing ON a code-one, a code-two, and a code-cight 
static memory. As the part moves along the con 
veyor, this code is shifted, registered, and canceled 
section by section—until the part reaches shipping 
area G. At this point, a signal is sent from the con- 
trol panel to remove part 11 from the conveyor. The 
part is retained and the signal canceled. 

Figure 26 shows the ICD conveyor control panel, 
with monitor lights attached to each module. Thes¢ 
lights, extremely useful in checking the movement 
of items along the conveyor system, can indicate a 
pile-up ot other trouble, and the section of the 
conveyor where the trouble has occurred. 


To a sheet-metal fabricating machine 

\ GE GPCD pulsed-power-supply static switch- 
ing system has been applied to a crank-case-breather 
straight-line assembly machine of the A-C Spark 
Plug Div. of General Motors. This equipment 
fabricates oil filler caps for automative use, where 
the engine crank case and internal engine space: 
“breathe” through an air filter in the oil filler cap 
"he machine has three stations: for forming, punch 
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ing and ejecting, Figure 27. A chain consisting of a 
series of plates spans the three stations. An index 
ing motor of the Warner-Ferguson-drive type indexes 
the wheel that drives the chain. A clutch-driven 
cam switch, the clutch engaged and disengaged by a 
solenoid, is associated with the drive, 

Contacts in the cam switch, together with the 
head-rest-position limit switches in each station, 
determine whether the work head has returned to its 
rest position. If any head does not return by the 
time the cam switch contacts close, the cycle is 
halted and cannot be restarted unless the “trouble 
reset’’ and “cycle start” buttons are pressed. 

Figure 28 shows the logic circuitry for this system. 
he left-hand portion of the diatram handles the 
drive and indexing functions, the right-haiid portion 
the station-operation functions. Several electrome- 
chanical contactor devices are used, in applications 
where they operate only infrequently or where high 
power circuits must be closed. In particular, note 
relay BR, with its coil in series with the bias coils 
of all the logic units. As was pointed out previously, 
all bias coils are in series in the GPCD system and 
provide for power supply turnoff if one should open 
In this case, the job is done by the normally-open 
contacts of relay BR in the input power leads to the 
amplifier-power-supply unit. If a bias coil opens, 
relay BR is deenergized, opening the leads. 

Before this system was designed into a panel, the 
logic circuitry was tested on a simulator. Figure 29 
shows a two-input AND element being plugged into 
the base receptacle in a GE GPCD static-control 
simulator. The clip-on monitor lights can be seen 
as well as the recessed portion in the base receptacle. 
The units without nameplates in the bottom two 
rows on the left are jumper plugs for bringing in 
power connections to the printed circuit in the 
base receptacle. Figure 30 shows the complete simu 
lator, wired as a duplicate of the A-C Spark Plug 
panel, even to the amplifiers in the foreground. 

Both Westinghouse and GE have found static 
control simulators invaluable in checking and de 
bugging systems before they are designed into panels 
and put into operation. In fact, many potential big 
users of static switching systems have acquired their 
own simulators, both to check out their own designs 
in cases where they purchase components instead 
of complete systems, and to train thei personnel 
in design and maintenance. 


To a furnace-charge recording system 


Westinghouse has used its transistor NOR circuit 
of Figure 14 in a steel-industry application for 
counting and recording the number of billets that 
are charged into a furnace. Fully described by 
Stringer and Rowe in Reference 15, this system uses 
phototransistor input sensing devices and transistor 
NOR logic elements to count randomly-positioned 
billets on a furnace-charging conveyor. 

igure 31 shows 15 of the transistor NOR units 
mounted on a printed-wiring board. Each unit 
contains the transistors and associated rectifiers and 
resistors. ‘This device has proved useful not only in 
industrial switching applications, but also as a stand 
ard component for digital computer use. 





USEFUL SYSTEM DESIGN HINTS 


Manufacturers of static switching devices are 
taking great pains to make sure that their equipment 
is properly evaluated with respect to older and 
better-known switching devices. For some time 
now, at least one manufacturer has operated a special 
course to teach the engineers of prospective users 
where to use static switching elements and the basics 
of system design. ‘To an engineer totally unfamiliar 
with these techniques this is certainly time well 
spent, since it appears that alinost everyone nov 
involved with industrial switching will be called on in 
the future to design, or at least recommend, static 
switching systems. Most engineers equally acquainted 
with relays and static switching feel that static sys- 
tems are easier to design and debug. 

If a static switching system is being designed to 
take the place of an existing relay system, the prob 
lem of system synthesis is considerably simplified 
If a completely new switching system must be de 
veloped, the prob'em is not unlike that of synthe 


sizing a conventional relay system. First examine 
the mechanical layout to determine the required 
outputs (solenoid valves, motor starters, et in 
the type and number of input 
(limit or cam syitches, pushbuttons, etc Then 
tabulate the input conditions that will yicld each 
output (including safety features) for the most auto 
matic cycle of operation. Input-conditi tabula 
tions such as given in Table II are useful here. Tabu 
lating sequential operations is more difficult and 
requires flow charts or other diagrammatic aids. The 
tabulations can be simplified to word logic state 
ments, which are checked for operational accuracy 
on a simulator. Usually the logic circuitry needed 
for single-cycle and manual operation is added last 

Designers, even those with little experic have 
found that it is fairly easy to make changes in design 
even after a system is built. “On the spot” changes 
are often made with little change in wiring and no 
change in panel layout 


sensing devices 


WHAT DO STATIC SYSTEMS COST? 


At present, the average static switching system 
costs more than a corresponding electromechanical 
relay system. A number of power output amplifiers 
corresponding to the number of output devices is 
required for the static switching system. The logic 
is performed at fairly low power levels, but the out 
put must be amplified to drive the usual solenoids 
contactors, etc. The logic devices are reasonably 
priced (about $10 apiece), but the output amplifiers 
are very expensive ($50 to $100 apiece ) 

Another factor in the cost picture is the special 
power supply required for a static switching system. 
Ihe cost of the logic-system power supply is almost 
constant for up to 100 logic units. Hence, if a 
system requires a large number of logic units, the 
cost of the power unit per logic unit is low, but if 
there are only a few logic units, the relative cost of 
the logic power supply is high. The GE ICD con 
veyor control system shown in Figure 29 uses about 
200 logic units and only 19 small power outputs, 
and its cost is less than an equivalent relay-control 


I'wo very general conclusions can b 
concerning the relative cost of static and el 
chanical switching systems 

1. Simple static systems are expensive 

the high cost of the special power 

ing only a few logic units. 

Static systems with a large number 
relative to the number of inputs 
elements are expensive because of the high 
of power amplifiers. 

Of course, the first cost of a static switching sys 
tem versus the first cost of a corresponding electro 
mechanical relay system may not be too meaningful 
Maintenance expenses and the somewhat intangible 
value of reliability and continuity of service are also 
important, sometimes many times more important 
than first cost. Installations of static switching sys 
tems have been made where the prevention of on 
unscheduled shutdown because of control failurc 
woukl pay for the complete switching system 
times Ove! 


system. 


mati\ 


INPUT AND OUTPUT PROBLEMS 


(he unsuitability of available input devices has 
contributed to the reluctance of many engineers to 
use static switching systems. At present, the input 
must usually be stepped down from the voltage 
level required across mechanical contacts, such as 


pushbuttons and limit switches. Although the 
procedure requires additional equipment, this is not 
too big a stumbling block since the power level at 
input is very low and the initial input transformers 
or voltage dividers can usually be small and relatively 
inexpensive. A bigger problem, as pointed out in a 
previous section, is the unreliability of conventional 
limit switches. 

Some contactless proximity limit switches are 
available today, but all seem to suffer from large 
size, high cost, and poor repeatability. If a planer 
is operating up against a shoulder, the limit switch 
must be reliable and must accurately repeat its 


operating point. Again, imagine equipping a ma 
chine with 40 limit switches at $100 to $150 a 
switch! Many manufacturers, such as Westinghouse 
the Boston Div. of Minneapolis-Honeywell, Square 
D, etc., are working on this problem and strides 
have been made toward the development of suitable 
switches. Contactless pushbuttons and other types 
of input devices are also being developed. Many of 
these, of course, will eliminate the problem of voltage 
transformation at input. 

In the past the users of some static switching sys 
tems found that the output magnetic amplifier could 
not properly drive some of the solenoid operated 
vaives. In general this was because the magnetic 
amplifier could not provide sufficient inrush current 
to assure complete and positive movement of the 
solenoid armature. ‘Today both Westinghouse and 
GE are developing amplifiers to solve this problem 
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ANALYSIS INSTRUMENTATION ... 


_..a key factor in 


optimizing industrial processes 


Analysis instrumentation, an important factor in the efficient and high- 
quality production of gaseous, liquid, and solid products, is employed in 
control laboratories by virtually all processing industries. Advances in both 
analysis instruments and control methods has, however, resulted in many 
cases in automatic process control based on product quality. But many 
analysis instruments have not yet been developed to the point where they can 
be used for process controls. 

This article sketches briefly the fundamental methods of analytic measure- 
ment, the types of outputs obtained with analysis instrumentation, and the 
control methods that can be used with these outputs. Also discussed are the 
problems of sample-handling and of correlating the desired product to 
specification with the analysis technique, and the role of computers in inter- 
preting analysis data. 

Future articles in this new series will cover the important techniques and 
instruments in greater detail. Typical are the articles coming up in the 
next two months on nuclear magnetic resonance and chromatography, which 
will cover fundamental phenomena, describe equipment basics, and, where 
relevant, examine an application of the instrument to process control. 


HARRY R. KARP, Control Engineering Measurement and control of process conditions 
assure plant stability, and thus a satisfactory, but 


not necessarily optimum, product. ‘he vary Ing COlM- 


Industrial processes convert feedstocks, which are 
usually natural materials that varv in their composi 
tion, into desired products of fixed specifications. 
Some products coming out of processes contain pet 
haps one, two, or three components, others 20 or 
more components. A knowledge of process-stream 
components is important because then the specifica 
tion of the desired product can be stated in terms 
ot composition, 

\nalysis instruments show materials in terms of 
their components in the stream and their concen 
trations. ‘They develop signals indicating the mate 
rials composition, and these signals, tied into the 
control of such process conditions as temperature, 
pressure, and flow, give prompt correction of devia 
tions trom product specifications. 


position of the feedstreams, the increased costs of 
plant, raw materials, and labor, and the higher prices 
received for premium products, however, make an 
optimum product mandatory. Analysis instruments 
bridge this gap. 

Any decision involving analysis instrumentation 
should be guided by economic considerations and 
technical familiarity. Anticipated improvements, 
equipment, installation, and maintenance 
depreciation, return of investment, ctc., are all part 
of the economic picture. If a process has a through 
put valued at $1 million a vear and analysis instru 
ments can upgrade the yield by even one-half per 
cent, the investment becomes attractive indeed. 

However, if anticipated economic gains are to be 
met, sound technical solutions must be found to the 


costs, 
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problems that arise in instrumenting the analysis 
techniques and installing the instruments in the 
plant. An intimate knowledge of the process and of 
the desired and undesired components in the prod- 
uct, proper selection of the most suitable instru- 
ments, attention to sample-handling problems, to 
maintenance, reliability, and possible hazards, and to 
accuracy and sensitivity requirements are some of the 
things that must be considered. 


Fundamental analysis methods 


Analysis instruments employ a wide variety of 
measuring techniques, each of which determines 
some fundamental property of a sample in the proc- 
ess stream. ‘These instruments are classified as spe- 
cific or nonspecific and continuous or discontinuous. 

The following list shows fundamental methods and 
their subclasses for analyzing process streams. Since 
each subclass may have several variations, there are 
well over 100 instrumental techniques, though not 
all are for in-plant measurement and control. 
> Radiant energy properties 

* absorption spectrometry— 

visible, ultravioiet, infrared, and x-ray 
* refraction and dispersion 
*emission spectrometry 
* nuclear magnetic resonance 
*clectron paramagnetic resonance 
* ionizing radiation 
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> Electrical properties 
* dielectric constant 
* magnetic susceptibility 
* conductimetry 
* electrolysis 
* electrolytic conductivity 
* electromotive force (pH) 
* voltammetry 
* polarography 
>» Mechanical properties 
* viscometry 
* specific gravity 
* velocity of sound 
e absorption of sound 
> Thermal properties 
* thermal conductivity 
* transition temperatures 
*heats of reaction 
> Chromatography (vapor fractometry) 
>» Mass spectometry 


Continuous or discontinuous 


In continuous instrumentation a continuously 
flowing sample is diverted from the stream and intro 
duced into the instrument, which measures _ its 
property (essentially) instantaneously, and then sends 
it back to the stream or discards it. (When the sam 
ple is properly handled the sample conditions repre 
sent the stream conditions.) Measurement of the 
property, such as refractive index, is continuous, and 
a continuous and instantaneous indication of the 
measured value is presented with respect to time, 
Figure 1. 

In discontinuous instrumentation a discrete sam 
ple volume is taken from the stream, introduced into 
the instrument, and held stationary while an indica- 
tion is made available for it. Sometimes it is treated 
with a reagent to make the reading more specific 
and sensitive. Later another sample is taken and 
measured, and so on, so that indications are discon- 
tinuous with respect to time. Nuclear magnetic 
resonance instruments, for instance, when analyzing 
a discrete sample for moisture content yield discon 
tinuous readings, Figure 2. 

It is quite possible that the input sample will flow 
continuously and that the instrument output signal 
will be discontinuous. Stating the continuous or 
discontinuous nature of both input and output be 
comes important, particularly for automatic process 
control, because continuous output signals, for in 
stance, lend themselves to conventional on-off and 
proportional-control systems, while discontinuous 
outputs are suited to sampled-data time-sharing con 
trollers. 


Specific or nonspecific 


Specific analysis instruments respond only to 
changes in concentration of the component the 
instrument is designed to measure. Nonspecific 





Fig. 3. Basic components of absorption-type instriments 
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instruments respond primarily to the concentration 
of the component of interest, but also (to a lesser 
degree) to other components. One specific analysis 
technique is the measurement of pH. The pH 
instrument indicates hydrogren ion concentration 
only; the presence of other ionic components in the 
stream does not interfere with the reading. A refrac 
tometer is a nonspecific instrument: refractive index 
does not, in general, indicate sample composition; 
rather, the product-sample refractive index is com- 
pared with the refractive index of a reference sample 
meeting product specifications. 

The specificity of measurement can be improved 
by removing interfering components, by changing the 
phase (liquid, gas, or solid) of the sample, by using 
filters to select radiant energy in a certain narrow 
band of wavelengths, and in other ways. In general, 
nonspecific instruments are not too successful for 
analyzing products with more than two key com- 
ponents. 


\bsorption spectrometry 


Analysis by the radiant-energy method depends 
on the interaction of atoms or molecules in the sam- 
ple with radiant energy from a source. In absorption 
spectrometry, one of the important and widely-used 
subclasses of this fundamental method, a source such 
as a heated tungsten filament radiates energy over a 
range of wavelengths. The energy is directed at the 
sample, Figure 3, on the 
other side of which is an 
energy detector such as 
a photocell. The sample 
interferes with the trans- 
mission of energy more 
at certain frequencies 
than at others. That is, 
it absorbs energy. The 
frequencies of maximum 
absorption identify the 
composition and _ the 
peak amounts indicate 
the concentrations of 
each component. 


Ion source 


Fig. 4. Dispersion of ionized particles 
according to mass number 
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There are two basic variations: the absorption is 
measured over the whole range of wavelengths, or 
the source energy is separated into discrete or narrow 
bands of wavelengths, as by a prism or diffraction 
grating, and the absorption is measured at each wave 
length. Instruments for the first variation, such as 
infrared and ultraviolet double-beam dispersive 
analyzers, compare the process sample with a sample 
of satisfactory product. These instruments usually 
have limited specificity. Instruments for the second 
variation, such as infrared and ultraviolet spectro- 
photometers, identify sample components that 
absorb strongly at narrow wavelength bands. These 
can be considered to be highly specific. 


Mass spectrometry 


Mass spectrometry, another important analysis 
technique in the processing industries, is particularly 
well-suited for analyzing liquid and gaseous samples 
The sample is first bombarded and fragmentized by 
a stream of electrons which ionizes and imparts a 
positive charge to the sample particles of all com 
ponents. A high voltage accelerates the positively 
charged ions while a magnetic field simultaneous] 
fans out the ionized particles into discrete beams, 
so that particles with differing mass-to-charge ratios 
follow circular paths with differing radii from the 
source to a collector plate, Figure 4. The frag- 
mentized components in the sample are identified 

by determining _ their 
mass-to-charge ratios. 

Another plate, with a 

narrow slit between the 

ionized beams and the 

collector plate, admits 

only particles of a cer 

tain mass-to-charge ratio 

through the slit to the 

collector plate. The slit 

can be moved to the 

erm beam associated with the 

plate particular fragment, or 

what is more practical, 

the slit can remain in one 


Collector slit--- 
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position and the accelerating voltage adjusted to 
vary the radius of the selected beam. Either way, 
only the ionized beams associated with each sample 
fragment go through the slit. Varying the accelerat- 
ing voltage over a range of values allows the mass 
spectrometer to select sequentially the fragments of 
each component present in the original sample. The 
ions striking the collector plate develop an electric 
current proportional to the concentration of the 
selected fragment. 


Output signals 


Recall that in an infrared analyzer, where the 
absorption of the flowing product is compared with 
the infrared absorp- 

tion of a reference 

CHy sample, the electrical 

output signal will be 
a continuous func- 
tion of the absorp- 
tion difference with 
respect tu time, Fig- 
ure 1. This continu- 
ous output feeds into 
an on-off or propor- 
tional controller to 
correct any deviation 
in absorption from 
specification. An al- 
ternative is to sam- 
ple the continuous 
output in successive 
time intervals; this 
results in the type of 
signal shown in Fig- 
ure 2. The sampled 
signal feeds into a 
sampled-data con 


troller. 
Output signals ob- 


4 6 tained from a mass 

Mass number spectrometer contain 

additional informa- 

tion. Since the mass 

spectrometer can be tuned to determine the con- 

centration of one component only, it can give a 

continuous output voltage as a function of a discrete 

or continuously-flowing input sample, Figure 1. 

Thus, the output signal can be used in closed-loop 

control to continuously adjust the process and main- 

tain the concentration of that component at a speci- 

fied level. (Analysis instruments are frequently 

sensitized to detect the presence of an impurity; if 

one exists, the control system corrects the process 

to minimize, below allowable limits, the amount of 
the impurity present in the stream.) 

The mass spectrometer can also be adapted to 
determine several mass numbers in one product 
sample. The instrument captures for an increment 
of time a discrete sample and the accelerating voltage 
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is adjusted continuously to determine the concentra- 
tion of all mass numbers of interest. The resulting 
plot, Figure 5, is a spectrum showing concentration 
vs. mass number. 

Spectra can also be obtained by several other tech- 
niques which yield plots of concentration vs. the 
variable that forms the basis for the technique. Thus: 
> concentration vs. wavelength—absorption 
trometry 
> concentration vs. time—chromatography 
> concentration vs. magnetic field strength—nuclear 
magnetic resonance 

When the sampled-data system controls the con 
centration of one component only, the controller 
can be relatively simple. But when fixed ratios of 
components and a minimum amount of impurity 
are demanded of the process, the sampled-data con 
troller must be time-shared and have internal or 
external computing functions. 

Spectral records, such as those shown in Figure 5, 
contain much useful information. Each component 
shows up as a peak at a unique place (here a given 
mass number), and knowing the mass numbers of 
all components present identifies the stream com- 
position. The area under the curve of each peak is 
related to the percentage of that component to the 
overall sample. When the curves are symmetrical, 
as is assumed in the following section on computing, 
the percentage can be related to the peak heights 
of the component curves. Many products contain 15 
or 20 components, but only a few key mass numbers 
may be important. Then the spectral instrument 
may be programmed to skip all components except 
the key ones. This speeds up analysis time and allows 
more frequent sampling. 

Sometimes in the mass spectrometer analysis of 
a complex hydrocarbon mixture different molecular 
components are present. Suppose each of three 
components fragmentize into different proportions 
of ions: CH2+, CHs+, and CH,4+. When the 
ionizing beam bombards the complex molecular mix 
ture it breaks down each component into CH,~, 
CH;*, and CH,*, and the peak height at each mass 
number indicates the concentration of each ion. 
What must be determined, however, is not the con 
centration of each ion in the complex mixture, but 
the concentration of each of the components making 
up the original mixture. This calls for computing. 

The percentage, or more accurately the mole frac 
tion, of each component can be found by first cali- 
brating the instrument against a pure standard 
sample of each component and finding the peak 
height of each mass number present. ‘Then the 
product sample is analyzed and the peak height 
determined for each mass number. The information 
is next put into the following form: 


S pec P 


Pe 
Py 
. P. 


where F,, Fo, and F; are the mole fractions of each 





molecule in the product sample under analysis. 

Aq, A», and A, are the calibrated amplitudes of 
standard component A at mass numbers a, b, and c 

B,, B,, and B, are the calibrated peak heights of 
component B at mass numbers a, b, and c 

C,, C,, and C, are the calibrated peak heights of 
component C at mass numbers a, b, and c 

P,, P,, and P, are the peak heights of the complex 
mixture at mass numbers a, b, and c 

The solution of the simultaneous equations by 
determinants yields the desired values of the mole 
fractions F;, F2, and F;. A third-order determinant 
can be solved manually, but this becomes rather 
tedious and time-consuming when there are repeated 
analyses. Besides, the time-delay would be too great 
for closed-loop control systems. Computers yield 
the desired answers in fractions of a minute and 
minimize the time delay. 

Systems have been developed for programming 
and detecting as many as 15 or 20 components on 
a mass spectrometer, converting the peak heights of 
each mass number into a digital number, simul- 
taneously typing them on a log sheet and punching 
paper tape, and then feeding the tape into a digital 
computer which solves the determinant and types 
out the complete mole fraction analysis of the sam- 
ple. This arrangement has not, as yet, been inte- 
grated into a closed-loop process control system. 


Sample-handling 


The sample introduced into the analyzer must be 
typical of the process stream. Houser’ states in this 
respect that a sampling system should take a repre 
sentative sample from the stream, transport it to the 
analyzer, and act upon it either physically or chemi- 
cally to put it in a form ready for analysis. 

A sampling system must therefore have a properly- 
located sample point, and must prevent composition 
changes resulting from sampling, use a sample-flow 
rate consistent ‘with the amount of sample eco 
nomically withdrawn and with the dead time affect 
ing controllability of the process, and use an 
appropriate sample volume. Other things the system 
should do: maintain sample pressure as needed for 
adsorption instruments; maintain constant tempera- 
ture, as in chromatographic columns; pretreat the 
sample to remove interfering components and to 
condition it for analysis; remove contaminants; and 
prevent gas and vapor samples from condensing in 
the sampling system. 

The sampling system thus introduces as many, if 
not more, design problems as the analysis instru- 
ments themselves. 


Correlation 


Control of a product by manual or automatic 
means requires a correlation between desired product 
specification and the analysis method and instru- 
ment used to measure the composition. Consider, 


for example, the separation of hydrocarbon mixtures, 
where it has been found empirically that the opti- 
mum overhead product can be related to the concen- 
tration of a key component in the column. 

The concentration of the key component may be 
determined by measuring any of several properties, 
such as viscosity, refractive index, ultraviolet absorp- 
tion, or mass number. Tests of concentration changes 
vs. changes in these properties requires an engineer- 
ing compromise between: 
> sensitivity (steepest slope on plotted test data) 
and 
> reproducibility 

As a result of the compromise, refractive index 
is selected as the property to correlate with the 
specified product. 

It is also important to obtain the best possible 
location for the sample take-off point along the 
process (tray level in fractionator). ‘Tests plots of 
refractive-index change at various trays vs. a manipu- 
lated variable (reflux ratio) will indicate a tray level 
where the slope of the plot is greatest. Choice of 
this tray level assures the greatest overall control 
system sensitivity. 


Confidence, with caution 


Installations of analysis instruments already exist 
in plants and yield significant economic benefits. 
They are there because of the faith and perseverance 
in advanced analysis techniques of far-thinking en 
gineers, plant managers, and chemists. At first 
extreme difficulties stood in the way of obtaining 
these benefits. Sometimes the equipment was not 
available and had to be developed, sometimes the 
equipment was available but was unreliable and 
hard to repair and keep running, and sometimes 
equipment cost was so high that it often precluded 
their use. 

Over the years these difficulties have diminished. 
They still prevail for the many newer types just being 
introduced for plant use. Despite these difficulties, 
however, increased use of analysis instruments for 
composition analysis and their increased use in 
closed-loop process control can be logically predicted. 

Additional articles on specific techniques will ex 
plain basics, show where each analyzer can be used, 
point out pitfalls, and—by shedding light on a com- 
plicated field of engineering—may speed the suc- 
cessful application of analysis instruments. 
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is lt Less Expensive to: 


Improve Controllers or 
Increase Safety Margins? 


1. G. STUBBART, 

R. P. MARCOTTE, and 

M. A. HYMAN’, 
Westinghouse Electric Corp. 


THE GIST: In multiple control systems (such 
as heat exchanger systems in which both 
temperature and pressure controls affect the 
minimum coolant flow rate), a sufficient safety 
margin must be established for the dependent 
variable (flow rate). This margin keeps the 
system safe under the condition of maximum 
composite error due to the independent errors 
in each of the control systems. The safety 
margin (an increase in coolant, for example), 
is determined largely by the quality of the 
instrument-controller systems, so that a bal- 
ance must be found between the costs of im- 
proving the control systems and increasing 
the safety margin. 

In practice, design margins for multiple con- 
trol systems have often been substantially 
higher than necessary, principally to insure 
against unknown factors. This article presents 
a procedure, based on the probability theory, 
for mathematically determining the safety 
margins needed for a given set of instrument- 
controller systems. Costs of improving the con- 
trollers or increasing the nominal value of the 
dependent variable can then be compared. 
An example is worked out in which the de- 
pendent variable is the coolant (pressurized 
water) flow rate in a nuclear power plant. 
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In multiple control systems, where there are se\ 
eral instrument-controller systems, there is often a 
process variable whose minimum value depends upon 
the independent errors of each of the controllers. 
In such systems, a sufficient safety margin must be 
established to make the dependent variable large 
enough to compensate for the maximum effective 
error due to the independent errors in each of the 
control systems. The system can then be designed 
to provide this minimum safe value. 

Each instrument-controller system must have a 
small dead band; i.e., the controllers cannot be sensi 
tive to errors smaller than those for which they can 
correct, or they might actually increase the errors. 
Thus, the various parameters of practical systems 
oscillate within small limits without resulting in any 
action by the controllers. Decreasing these dead 
bands requires, generally, an increase in quality, 
hence cost, of the instrument-controller svstems. 
Increasing the dead bands, on the other hand, re 
quires an increase in the minimum safe value of the 
dependent variable, which may be more or less 
costly. An engineering solution before the fact can 
be found by applying the theory of probabilities 


Controller error distribution 


Before the probability can be found that a given 
value of composite error will occur in the dependent 
variable, it is necessary to determine the distribution 
of errors for a single controller system during its life 
time. It is reasonable to assume that the probability 
distribution of instrument-controller error follows a 
bell-shaped curve, as in Figure 1. 

In the figure, FE is the error in control or measure 
ment, and ¢(E’) is the “probability density” at 
EF equals LE’. Thus, ¢(E’)dE’ is the probability 
that F’SE=E’+dL’, and the area under the curve 
is unity, indicating that —Ey..=E=+E, 

Established error distribution curves are not avail 
able, but they can be approximated. Conservative 
approximations assume error distribution curves in 


* Dr Hyman is now with the 
Rand UNIVAC Div. of Sperry 





E = error 


FIG. 1. Probability density of error for an instrument 
controller system has bell-shaped curve. 


the form of trapezoidal or near-trapezoidal curves 
having bands of equal error probability and decreas- 
ing error probability, as in Figure 2. These curves 
are also assumed to include the effects of all detec 
tion, transduction, control-lag, etc., errors. 

If a, B, y, 8 are used to denote the independ 
ent controlled variables to which the dependent 
variable F must be adjusted, and the abscissa is 
plotted as the percentage deviation from nominal Fy 
corresponding to a deviation in one of a, B, y, 8 
then the ordinate is the probability density corre 
sponding to this deviation. 

The following assumptions must be made: 
>The error limits are as stated. Actually, these 
limits may be only reasonable values subject to revi 
sion as more field experience is obtained and design 
ind maintenance procedures are improved. 

P ‘ihe control systems fluctuate independently of 
each other within the limits indicated; the percent 
age change in the dependent variable needed to com 
pensate for a certain percentage error in one inde 
pendent variable is independent of the percentage 
errors in the other variables. 

P All control systems are in service all the time; 
i.c., all control systems operate simultaneously, 

P All conditions apply to steady-state operation. 


Composite system safety factor calculation 


Let F denote the 
able F/F x. 


normalized” dependent vari- 
Under the stated assumptions, 


F=A(a) B(B) C(y) Dé 


) 
where A, B, C, are the fractions of F which 
correspond to errors in a, B, y, 8 A equals unity 
for zero error in a, B equals unity for zero error 
in B, etc. 

If I’, is the design value of the dependent variable, 
it must be sufficiently larger than Fy to account for 
the composite effect of errors in a, 8, y, 8 
it Aus, Duss, nen Dean. ate the mame 
fractional increases in F due respectively to errors 
ina, B, y, 8 then the safety factor of Fp/F y might 
take one of the following forms: 


l. Fp/F 1+ A, + B, 


FIG. 2. Trapezoidal approximation of curve of Figure 1. 
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2. Fo/Fn = (1 + Amaz)(1 + Bmaz)(1 + Cma 
3. Fp/Fy = 1+ Dmaz, if D is the biggest of A, B, C, D, 
4. Fp/Fy = 1 +WVAmaz* + Bnoz* + Cmax? + D 


Rigorous analysis 

A rigorous mathematical analysis of the error in 
F is also possible. Now regard A, B, C, D 
primary variables rather than a, B, y, 4,. Then 
the wav in which F varies as A, B, C, fluctuate inde 
pendenth can be determined if the ranges through 
which they fluctuate about their unity values are 
known. _ 

It is more convenient in the analvsis to take loga 
rithms on both sides of 


F=ABCD 


thus obtaining 


f=at+b+cet+d 


In F, a In A, etc. 
are then: 
“Normal Range”’ 
a 0 = ia =a, In Aare < ja] 2 a, 
b 0 = |bi Sb. In Bou < (bi BE 
c 0 J Ici S Cy mtn < wi 2 
etc 


where f The ranges of a, b, 
oe d, jo ue 


Variable “Extreme Range’ 


l'rapezoidal probability distributions arc assumed for 


2,D,¢, 4d ; that is, all values of the quantity in 
the normal range are equally probable, and the prob 
ability falls linearly to zero through the “extreme” 
range (see Figure 3). 

In the literature, ¢,(a) is called the “probability 
density function” for a. It shall be referred to here 
simply as the “distribution for a”. ‘I he probability 
that 


o(a’ da 
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FIG. 3. Assumed trapezoidal distribution of a = InA, where 
A is fractional change in F for a change in controlled variable. 


The last relation fixes the vertical scale in the plot 
of ¢,(a). A similar discussion holds for ¢2(b), 
$3(c), ¢4(d),... Knowing ¢:(a) and ¢2(b), the 
distribution for p = a + b may be computed as 
follows: 
Omaz 
di2(P) = ¢:(a)¢o(p — a)da 
—Omaz 
Note that ¢:2(p) is symmetrical about p 0 if 
¢:(a) and ¢2(b) each are symmetrical. 
Likewise, the distribution for gq = c + d is: 


Cmaz 
ou(q) = 3(€) da(q — c)de 


—Cmaz 
And finally, the distribution for f 
p+ qis: 


Omaz T a 
o(f) = oi2(P) of — p)dp 


—Omaz —bmaz 


Returning to the original variable, F , the 


probability P(F;, F2) that F},X =F=F~z is the same as 
the probability that f;=f=fe, where f; = In F;, ete. 


Thus, 
: i ae 
P(F;, F:) = o(fdf 
fi 


The next step is to define two cumulative distribu 
tions L(F’) and G(F’), which are those parts of 
P(F) that are less than and greater than F’, respec- 
tively. Remember that F is the ratio of the instan 
taneous value to the nominal value of the dependent 
variable, but F’ is the particular ratio of the design 
value to the nominal value. L(F’), then, is the prob 
ability that F=F’—i.e., that the instantaneous value 
does not exceed the design value. L(F’} can be 
calculated as follows: 
Pez 
For F’ 21, L(F’) = o(f)d/ 
—In F’ 


In F’ 
for F’ 5S 1, L(F’) = o(f)df + 0.5 
0 


Within their limitations, these expressions, when 
plotted, indicate how much the design value of the 
dependent variable must exceed its nominal value. 


AN ILLUSTRATIVE EXAMPLE 


Multiple control systems affect coolant flow in nuclear power plants 


In a pressurized-water nuclear power plant, the 
heat from the reactor core Passes across a metal-to- 
water interface to the reactor cooling water. The 
reactor cooling water flows to the steam generator 
where it gives up heat to convert lower pressure 
water to steam for use in a turbine. The cooling 
water at reduced temperature then goes back through 
the reactor. This system is shown in Figure 4. 

It will be noted that there are three instrument- 
controller systems: temperature, pressure, and neu- 
tron power level. The temperature-control system 
is deliberately designed with a rather wide dead 
band because the reactor has a natural negative tem- 
perature coefhcient which causes the neutron power 
level to decrease as the temperature rises. Outside 


FIG. 4. Pressurized-water nuclear power plant has several 
control systems which independently affect coolant flow rate. 
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Ti * reactor cooling woter~ temp.- to S.G. 
To* reactor cooling water-temp.- from S.G. 


at 


_P = pressure of reactor cooling water 
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this dead band, the temperature-control system acts 
to move the control rods. 

The pressure-control system must keep the water 
pressure high enough to prevent the water from 
flashing to steam in the reactor core, which could 
result in warping or burnout of the core, and low 
enough to keep transient pressures from lifting the 
safety valves. The likelihood of flashing can be 
reduced by increasing the total coolant flow rate. 

Because it is possible to operate steam plants at 
something over full rated power, it is necessary to 
limit the maximum steady-state power level of the 
reactor plant as determined by a neutron detector. 
Additional coolant flow must be provided to com- 
pensate for any error in the neutron detector. 

Dead bands and possible instrument errors in each 
of these controller systems, then, require that cool- 
ant flow be increased above its nominal value (from 
the standpoint of reactor-core design) to make sure 
that sufficient coolant flows at all times to carry 
away the heat generated in the core. Still another 
variable requires that the coolant flow be increased. 
The main coolant pumps are driven by electric 
power systems whose frequencies may vary from 
nominal. Overdesign of coolant flow is determined 
by the amount the pumps’ outputs may be affected 
by frequency changes. 

To determine the margin in flow rate needed to 
compensate for instrument-controller errors, it is 
first necessary to describe the controller accuracy 





Probability density 

available for the application. Table I represents the 
best available description of instrument-controller 
accuracies for the power-reactor application in point. 
a, 8, y, and 8 henceforth denote the four independent 
controlled variables to which the coolant flow rate F 
must be adjusted. The information in Table I is 
presented graphically in Figure 5. 

In the analysis, A, B, C, D are the fractional 
changes in F due to fluctuations in a, 8, y, 6, respec- 
tively; the ranges through which A, B, C, D fluctuate 
about their unity values are listed in Table II, which 
also lists the natural logarithms of these quantities. 

A typical trapezoidal distribution for this system 
can be illustrated by the distribution for a: The 
probability that 

—0.04497 = a = +0.04497 
+0.04497 
¢;(a)da 


' 


%e +54% —0.04497 


The distribution for 
P=a+h is 
+0.04497 
ox(p) = (a) ¢2(p — a)da 
— 0.04497 


729% 455% Finally, the distribution for 


f=a+b+c+d is 


[ +0.07259 
FIG. 5. Probability density distributions for errors of) = | di2(P) dul f — p)dp 
in controlled variables in system of Figure 4. — 0.07259 





Band of Equal Band of Declining 
Nature of Instrument Error Probability Probability 





Necessary Necessary 
Instrument Change in Instrument Change in 

ae ; Error % Flow % Error % Flow % 
TABLE I 





a = reactor power. . 3 +1.73 
8 = pump speed....... 1 +0.933 
y = av. cooling water temp. =] +4.05 
6 = cooling water pressure 1 +2.9 





Fluctuating Quantity ‘‘Normal”’ Range “Extreme” Range 





0.98270 
1.04600 
0.99067 
.02800 
95950 
05400 
97100 
05500 
90701 
19569 


98270 = A = 1.01730 0.95400 =A 

1.01730 < A 

99067 B = 1.00933 0.97200 = B 

TABLE Il 1.00933 <B 
95950 = C = 1.04050 0.94600 = C 

1.04050 < C 

97100 = D = 1.02900 0.94500 = 


—_ 


~ 
El 


1.02900 
90701 = F = 1.09936 0.82897 = 
1.09936 < 
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~Om 





.01715 0.01715 al = 0.04497 
.00928 0.00928 < = 0.02762 
.03970 0.03970 < |e 05259 
F 02859 0.02859 < 
= 0.09472 0.09472 < 


0 
0 
0 
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needed to prevent burnout is less than design 
flow Fp, vs. ratio F’ of design to nominal flow. 
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<— From probability theory 
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FIG. 9. Additional cost of pumping per 
additional 1 percent reliability, vs. F’. 


The cumulative distributions L(F’) and G(F’) are: 
for F’ = 1, 
+0.17872 
L(F’) = o(S)df 
—In F’ 
and for F’ $1, 


“In F’ 
L(F’) = o(f)df + 0.5 
0 


The last two equations are plotted against F’ in 
Figure 6, which is the probability that the instan- 
taneous flow rate required does not exceed F” Fy. 
Thus, if F’—=F,/Fy—1.1 there is less than one 
chance in 100 that the flow rate required at a par- 
ticular instant will exceed the design flow rate Fp. 


Application of analysis to plant design 


The curve of Figure 6 can help in determining a 
reliable but economical plant design. First, the reli 
ability of a particular design flow can be defined 
as the probability that the coolant flow at any instant 
does not exceed Fy. Simply replotting the right- 
hand half of Figure 6 then gives the curve of reli- 
ability vs. F’, Figure 7. The four values of Fp/Fy 
obtained by the four criteria set forth originally are 
spotted on the curve in Figure 7. It can be seen 
that an excess flow of 12 percent is an optimum 
value. ‘To design using criteria 4, 3 (square root of 
the sum of the maximum component errors squared; 
largest of maximum errors) produces too low a de 
gree of reliability. ‘To design using criteria 1, 2 (sum 
of maximum errors, product of maximum errors) 
wastes money without substantial improvement in 
reliability. Criterion 4, however, seems to be a good 
rule of thumb for rough estimates. 

Figure 8 is a plot of pumping cost at one plant 
required to produce the various flows corresponding 
to F’. This cost will vary from plant to plant de 
pending on the size of the pumps, the procedure 
for capitalizing electric power, etc. However, the 
reference cost, $100,000 at F’—1, is realistic. 

Figure 9 is a plot of additional cost per additional 
one percent reliability. That is, for each value of F’ 
the slope of the cost curve (Figure 8) was divided 
by the slope of the reliability curve (Figure 7) and 
the ratio was plotted against F’. It is clear from 
Figure 6 and 9 that there is a point at which an 
increase in F”’ increases reliability very little, and 
that to increase F’ beyond this point is to increase 
the cost of the plant greatly while increasing the 
reliability only slightly. 

Note that the statements made here concerning 
“reliability” depend on the assumptions stated 
earlier; i.e., the possibility of failure of the instru 
ments is not considered. 

By the methods described, it is possible to study 
how money should be divided between providing 
excess pumping power and buying better instruments 
and controllers. Such a study can be made by re 
peating the calculations above for each price range of 
instrument-controller systems and then comparing 
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DATA FILE 


RELIABILITY OF REDUNDANT SWITCHES 


his set of charts for your data file applies to sys 

tems that include decision-switching devices. Figure 

i treats the case in which a decision device automati- 

OBERT B. MOAN cally switches in a circuit to replace a faulty one. Fig 

Missile Systems Div.., ures 2 through 6 apply to a general class of systems 
Lockheed Aircraft Corp. whose functions are discrete in time. 
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Component reliability, P, 


FIG. 1. Relationship of system reliability to compon 


ibility in a parallel system using a decision-switching 


OPERATION: If A, fails, S will sense the failure and switch to A, where 


it becomes latched; i.e., S cannot return to A 


CONDITIONS: 1. A, fails, A, succeeds 
2. A, succeeds, A, fails 


\, fails, A, fails 


P,(F s) Probability that A, having failed, S fails to switch to A 
P.(F;) = Probability that A, having not failed, S switches to A 


ASSUMPTION: P/F.) P (Fs) 





DEFINITIONS FOR FIGURES 2 
THROUGH 6: 


p = probability that component will func- 


tion upon command (direct). 


= probability that component will not 


function upon command (direct). 
probability that component will not 
function in the absence of command 
(inverse). 

probability that component will func- 
tion in the absence of command (in- 
verse). 


Thus p+ q=landp’+q=1 
COMMENTS: 
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Paralleling subsystems or components 
increases direct reliability. 

Arranging subsystems and components 
in series increases inverse system re- 
liability. 


FIG. 3. Probability of system success for com- 
ponents linked in series when two series links are 
used redundantly. 


FIG. 5. Probability of system success for n_ re- 
dundant modules connected in series. 
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FIG. 2. Probability of system success as a function 
of the number of components linked in series 


‘IG. 4. Probability of system success for com 
FIG. 4. Probability of syst f 
ponents connec ted Im series W hen three series are 
used redundantly. 
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FIG. 6. Probability of system success for n triple 
redundant modules in series. 
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.». with F&P turbine meters and readout devices 


Here’s the ideal solution to flow metering prob- 
lems characterized by high temperature, high pres- 
sure, high flow volume, or rapid flow transients. 
Fischer & Porter turbine meters are inherently 
among the most accurate flow measuring devices 
available today . . . providing measurements ac- 
curate to 14% of instantaneous rates. 

The low inertia, axially balanced rotor of the 
F&P turbine meter gives optimum response to 
rapidly changing flow rates . . . providing positive 
information on changes as soon as they begin, not 
after they happen. A basic frequency output, directly 
proportional to flow, provides a common language 
easily fed to indicating, recording, or transmitting 
equipment. You can have digital or analog indica- 
tion . . . oscilloscope recording . . . circular or strip 
chart recording . . . digital totalizing . . . transmission 
or any combination of these. Here are just a few of 
the Fischer & Porter output devices you can dovetail 
with one or more turbine meters: 


PANEL FLOW RATE INDICATOR: Provides 
scale reading in desired flow units or in percentage 
of maximum flow. Includes amplifier which may be 
used to feed EPUT meters or integrators, and 
analog converter. 


“IN-LINE” DIGITAL INDICATOR: Direct digi- 
tal readout of flow information in desired gravi- 
metric or volumetric units. Automatically selects 
turbine meter outputs by flow range. 


DIGITAL TOTALIZER: Provides integrated flow 
information accurate to 4%. 


FREQUENCY MULTIPLIER-CONVERTER: 
Extremely rapid response to transient flow signals, 
Sampling of eight points per cycle provides more 
information than conventional means. 

For complete data on the F&P turbine meter and 
some of the systems it makes possible, write for 
catalog. Address request to Fischer & Porter Co., 
757 County Line Road, Hatboro, Penna. 


FISCHER & PORTER CO. 
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Two companion units by Hycon Eastern provide 
automatic high-speed access to selected data in 
Ampex Recorders and similar multi-channel 
magnetic tape instrumentation systems. 


DIGITAL TIMING GENERATOR, Model 201, gen- 
erates numerically coded timing signals which are 
recorded on the magnetic tape throughout the data 
recording periods, providing a precise digital index 
in terms of elapsed time. The Generator also visually 
displays the exact time in hours, minutes and seconds 
as illuminated digits. 





DESIGN FEATURES 


TIMING INFORMATION occupies only a part of the available 
bandwidth on a magnetic tape channel . . . remaining band- 
width in timing channel may be used for other purposes; e.g. 
to record other digital or analog data, or as a voice channel. 


TAPE SPEEDS of 60, 30, 15, 7%, 33%, or 1% inches per second 
may be used for recording. For playback, any one of these 6 

speeds or o high-speed search rate may be used. Other speeds For Tape Search 

may be incorporated as required. MAGNETIC TAPE SEARCH UNIT, Model 202, 
TIMING TRACK contains a combination of complete time num- ye peg during data reduction goog On ng beer 
bers in hours, minutes, and seconds together with interpolation of time indices recorded on the tape by the igita 
pulses so that time can be measured with a resolution of a Timing Generator, this instrument automatically 
few milliseconds. locates and selects for controlled playback the tape 
data included between a “sequence start time” and 
ADDITIONAL SIGNALS for recording, recovery and display may a “sequence end time” specified by panel dial set- 
be assigned to arbitrary control functions in the data system. tings. The time index is visually “displayed as il- 
FORWARD OR REVERSE directions may be used for tape search ori ye — + . — separate panel which 
ot either the high-speed search rate or any one of the 6 nor- may be remotely locate or convenience. 

mal record play back speeds. 


MOUNTS in any RETMA standard 19” relay rack. 











Write for Technical Bulletin 1'8«-/ 


MANUFACTURERS OF HYCON EASTERN, INC. 


Hycon Filters, Ultra Stable Oscillators 
Magnetic Tape Indexing and Search Units E 75 Cambridge Parkway Dept. B Cambridge 42, Mass. 
Write for Technical Bulletins Affiliated with HYCON MFG. COMPANY, Posadena, California 
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BASIC DIGITAL SERIES q: 


7 NO. 13 


Checking Techniques 
for Digital Computers 


THE GIST: Computers get faster and faster. Machines that do basic arith- 
metic operations in a millisecond are commonly available, and 10-microsec- 
ond-per-operation machines are not far off. These machines, however, make 
occasional errors, and to make the maximum use of these speeds, they must 
be able to detect their own errors, decide what is the right answer at that 
stage of the problem, and proceed to a correct problem solution. They must 


also be able to indicate to the maintenance man where an error occurred, 
or else his task is nearly hopeless in the face of the machine’s complexity. The 
principle of redundancy in checking, some error detecting codes, and a 
less-well-known error-detecting-and-correcting code are described. 

The problems of human errors in coding and programming are little under- 


stood, and the automatic coding techniques and synthetic languages so far 
developed to lessen these problems have favored the machine over the 
human. Work to reduce this important source of errors brings the computer 


art full circle, because the logical conception of machine language must be 


studied. Humans cannot work without error in the nonredundant languages 


of present-day machines. 


R. W. HAMMING, Bell Telephone Laboratories 


Ihree sources of errors plague the 
user of a large-scale digital computer: 
machine operation, coding, and con- 
ception. The first two sources have 
been studied extensively, and this ar- 
ticle traces only briefly what we have 
done to cope with these troubles. The 
third source of errors, misconception 
on the part of the problem proposer, is 
at present probably the greatest cause 
of wasted machine capacity; yet ver 
little is known about it, except that it 
occurs much oftener than we wish it 
did. 

[his article tries to summarize past 
experiences in handling errors, and to 
describe a philosophy—the philosophy 
of using redundancy to check—that is 
consistent with what has been ob 
served so far in the case of the first 
two types of errors. It is left to the 
reader to try his hand at applving this 
philosophy to the third source of er- 


rors, the humans who propose the 
problems. 

The usual first approach to the prob- 
lem of checking is to do everything 
twice and compare the results. For 
example, to check a particular com- 
putation for the presence of a ma- 
chine error, the problem is run a sec- 
ond time and the answers to the two 
runs are compared. To make a reliable 
machine, duplicate equipment, say 
duplicate arithmetic units if they are 
the least reliable parts, may be built 
along with the necessary automatic 
comparing and checking circuits. And 
to check the preparation of a problem, 
two coders can be put to work inde- 
pendently on the problem of coding 
it for the machine. 

Although the duplicate-effort ap- 
proach has been widely used, it is very 
expensive and is seldom satisfactory 
in practice, and should be avoided. 


Why is direct duplication usually 
not worthwhile? How does it work 
out in practice? First, there is implied 
in the approach of duplicate effort an 
independence of errors that is very 
seldom even remotely approached in 
practice. A machine develops a ten- 
dency to make a certain type of error 
in a certain circumstance only—the 
circumstance being exactly that which 
the particular problem causes at some 
particular stage [hese intermittent 
failures are perhaps the most difficult 
to deal with of all those that may oc- 
cur in a machine. Duplicate units, 
being usually on the same plan, leave 
much to be desired. Duplicate coding 
of a problem is very wasteful of the 
usually limited manpower, and, since 
the coders tend to eat lunch together, 
the independence is not what the 
supervisor thinks it is 

In the second place, a large problem 
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can be expected to produce more than 
one failure, so that quite likely dupli- 
cate runs or duplicate coding will 
merely produce two wrong answers, 
while the duplicate equipment may 
make twice as many machine errors 
(at least) as the single machine. 

In the case of long problems, the 
duplicate method is usually modified 
to duplicate small parts of the prob- 
lem, and then to check before going 
on; in sophisticated versions the ma- 
chine itself runs the part, reruns it, 
compares the results, and only if the 
two runs check over that small part 
does the machine go on to the next 
piece’. 

The idea of redundancy is basic to 
all checking. Loosely speaking, re- 
dundancy means extra information 
over the minimum possible, or in 
some sense extra effort spent. Intui- 
tively, with no extra information avail- 
able there is no way of comparing the 
result with anything relevant so as to 
test accuracy or reliability. 

Slightly more specifically, redun- 
dancy is measured by the ratio 
redundancy = °*‘"® effort 

: total effort 
In the case of duplication we have 


redundancy = = 1/2 


1 
1+1 


Perhaps the most familiar examples 
of redundancy occur in the English 
language itself. It has been found by 


experiments that at least 60 percent 
of the normal English text can be 
removed and the meaning will remain; 
that is, English is at least 60 percent 
redundant. However, it should be 
noted that on occasions a single slip, 
or deletion, will radically change the 
meaning of the text, so that the lan- 
guage is not uniformly protected by 
redundancy. This fact is widely recog- 
nized; for example, in sending tele- 
grams key words (or what are thought 
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WOON A UU kWNH— CO 
oo-}-oo}/-o0o-- oO 
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FIG. 1 \ two-out-of-five self-checking 
code, the so-called 01247 code. Note that 
each digit has two I's, an error in any 
position producing other than two I’s and 
indicating an error in the computation. 
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to be key words) are usually sent in 
duplicate at the end of the telegram. 

I'wo opposing forces have acted on 
the evolution of language to fix the 
redundancy which is there. If the re- 
dundancy were less, humans could 
communicate more rapidly, but with 
a greater risk of being misunderstood. 
On the other hand, were the redun- 
dancy higher, communication would 
be more reliable, but the rate would 
be slower. It is reasonable to assume 
that the redundancy which has finally 
evolved is in some way related to the 
human nervous system and the normal 
modes of communication. This sug- 
gests a theme which will be taken up 
later, namely that the human animal 
is ill-equipped to deal with situations 
where the redundancy is low. 

The purpose of machine checking 
is not merely to catch errors, but also 
to enable the maintenance to function 
properly. This often surprises those 
who are usually not involved in the 
maintenance. The maintenance staff 
must have ways of detecting and iso- 
lating machine troubles; it would be 
practically useless to tell them that a 
large computing machine was mal- 
functioning if they had no way of 
isolating the trouble. 

Consider, as a further illustration, 
the modern telephone central office. 
Once a number is received, error de- 
tecting codes (to be discussed in a 
moment) are used throughout the 
various stages of switching that occur 
until the called line is actually rung, 
whether it be next door or across the 
nation. Now it happens that customer 
dialing errors greatly exceed central 
office failures; thus the error detecting 
codes do not directly decrease the 
number of wrong numbers called to 
any great extent, but indirectly, by 
enabling the maintenance staff to de- 
tect incipient troubles, they make the 
central office remarkably reliable. In 
this case, evidently, the extra equip- 
ment—the redundancy—is euély 
there for maintenance. It is not greatly 
different, in fact, in computers, though 
the knowledge that if a number comes 
out of a computer it “must be right” 
is quite comforting to the user. 

There are ways of making a ma- 
chine self-checking without duplica- 
tion of parts; it is not always neces- 
sary to do things twice to check on 
the accuracy of something. A simple 
illustration of this is the widely used 
“two out of five code” (one of a num- 
ber of such codes, with no essential 
differences between them). In these 
codes there are five positions to be 
filled. Two of the positions are filled 
with 1’s while the other three are 
filled with 0’s. There are exactly 
C(5,2) = 10 ways this can be done, 
so that the ten decimal digits are con- 


veniently represented in such a code. 
It is immediately apparent that a sin- 
gle error, either changing a | to a 0, 
or else a 0 to a 1, will leave an odd 
number of 1’s in the group of five, 
while all correct messages have an even 
number of 1’s; thus the error is de- 
tectable. This code has a redundancy 
of only 4. Figure 1 illustrates the 
01247 code—so-called because the 
sum of the two positions in which 1’s 
appear represents the decimal digit. 
Other two-out-of-five codes can be 
constructed by simply allowing the 
codes to represent different decimal 
digits, e.g., 01236”. 

A very similar family of self-check- 
ing codes may be constructed as fol- 
lows. Suppose there are n-l binary 
digits of information to be sent, and 
that we add an nth digit, which is 
chosen so that there are an even num- 
ber of 1’s in the entire n positions. 
Just as above, a single error can be 
caught because there will be an odd 
number of 1’s in that case. This is 
called a “parity” code. Here the re- 
dundancy is 1/n. One can build cir 
cuits that compute in these codes, so 
that the machine can catch any single 
error when the information passes a 
check point. A double error, how- 
ever, will escape detection and such 
codes may be used only if the density 
of errors is fairly low and errors in 
various positions are relatively inde 
pendent of each other. 

Another self-checking code that has 
seen a fair amount of use In practical 
machines is the so-called biquinary 
code, shown in Figure 2. It has two 
code groups of two and five bits each. 


Error correcting codes 


It is possible to go further in using 
redundancy and make a single error 
correcting code. There is a great deal 
known about how to design such 
codes’, as well as where to use the 
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FIG. 2. The biquinary code also has two 
l’s for each digit, and is thus self-checking. 
This code has been used on several practi 
cal machines. 





various kinds, so it will suffice here to 
give a single example. In this par- 
ticular code there are seven positions, 
numbered | through 7, to be filled 
with 1’s or 0’s. Take as the possible 
messages of information to be sent the 
16 numbers, 0 through 15. In the 
binary system this set of numbers re- 
quires four binary digits, and these 
digits are placed in positions 3, 5, 6, 
and 7. The digit in position 1 (Fig- 
ure 3) is chosen to make an even 
number of 1’s in positions 1, 3, 5, and 

Position 2 is set so that there are 
an even number of 1’s in positions 
2, 3, 6, and 7, while position 4 is set 
using positions 4, 5, 6, and 7. 

Now consider any number, say 
which is 0 1 1 1 in the binary code, 
and in the above code is 

n8¢6¢13.1 43 
Now, to simulate an error, change one 
digit, says the fifth, from a 1 to a 0, 
thus 
0.0602 0 1 }. 
Now apply the three checks over the 
positions 
check : ] 5 
check 2 6 
check 3: 45 67 
and write a 1 each time the check 
fails, that is, each time there is an odd 
number of 1’s in the four positions 
being checked, and write a 0 each time 
there is an even number of 1’s. Writ- 
ing this down, from right to left, gives 
101 
which is the binary representation of 
the number 5, the position in which 
the error was introduced! This works 
for every position, with all 0’s mean- 
ing, of course, no error. Thus the posi- 
tion of the error is known. and hence 
the error can be corrected. 

A single error-correcting as well as 
double error-detecting code can be 
made by adding an eighth position 
with the digit chosen to make an even 
number of 1’s in the entire eight posi- 
tions. It is left to the reader to see how 
this works in detail, since the main 
purpose of these examples is to show 
that error detection and correction 
need not require multiple efforts. 


Coding redundancy for 
catching machine errors 


Besides catching errors in the ma- 
chine, extra coding can also be used 
to check a computation. One of the 
simplest examples is that of finding a 
root of a polynomial. While the 
computation may be long and com- 
plex, substituting the supposed root 
in the polynomial to see if it fits is a 
simple matter. If the root fits, this 
checks not only the computation but 
also the coding of the process of find- 
ing the root itself. 

The double-entry system of book- 
keeping is another example of coding 
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FIG. 3. A seven-position error-correcting 
code. In this code the four binary digits 
for the decimal numbers are listed in posi 
tions 3, 5, 6, and 7. The other positions 
are for partial-check digits 


-ooe-r-00-}-03--—-"00-" " O ND 
— ee HK HH OOO OCC OC CO W 


1 
0 
] 
0 
1 
1 
0 
1 
0 
1 
0 
1 
0 
0 
] 
0 
] 


—-ooj-o-+1-0O-$-00-0- -" O & 
—— ot OOOO HRM mS |S SH OOO OW 
—-—-o0o},-$—-O0O007,-$—-00—- —- COCO oe 
~o}-o--o$-0$-0-0-—-0$-"ON 


the work so that a validity check is 
readily available. 

lo get error correction, one may 
code the machine to do a computation, 
store the result, compute it again, 
compare the two results, and if they 
are not the same go back to the be- 
ginning of that part of the computa- 
tion and start again. 

In all these cases the redundancy 
uses more machine time and capacity 
than would be necessary were there no 
machine errors to cope with. The three 
examples are in order of increasing 
redundancy. The first example, the low- 
est in redundancy and effort in coding, 
is unfortunately not very typical. 

In the earliest stages of the evolu- 
tion of large-scale digital computers, 
debugging made use of “test prob- 
lems” to locate the errors. This soon 
passed on to “diagnostic routines”, 
which are really test problems whose 
wrong answers point more or less di- 
rectly to the failing component. This 
is using redundancy in time. 


Marginal checking 


Another machine check is marginal 
checking, which is simply the process 
of altering certain voltages (usually) 
of various parts of the computer, and 
then noting where the failures occur. 
This method is widely used and is 
based on the belief that incipient fail- 
ures can be located if the voltage is 
too high or too low. The truth of 
this assumption depends partly on the 
design of the machine, partly on the 
way the marginal checking is actually 
applied, and partly on the kind of fail- 


ure. Intermittent failures of some 
types are not easily caught this way, 
nor are some catastrophic failures*. 

There is a tendency when using 
these methods to ignore the fact that 
they are using redundancy in time, 
and that using say, a redundancy of 4 
continually means a loss of half the 
computing capacity, or, equivalently, 
the construction of a second machine 
just like the first one. 


Coding redundancy for 
catching program errors 


In checking the computation of a 
root of polynomial, the coding was 
checked, too. This situation also oc- 
curs in problems of solving ordinary 
differential equations. Milne’s method, 
for example, “predicts” a new value 
for each variable, and then at the end 
of the cycle calculates the “correct 
value”. If these agree within a certain 
amount, then 

1. the computation was correct or 

the errors were sufficiently small 
as to be unimportant, 

the coding of the two parts was 
consistent, and 
the assumptions 
method of integration are 
fied, 

In special cases, the problem has 
known answers, and if on running 
these cases the answers check, then 
more faith can be placed in the cor- 
rectness of the coding (although any- 
one who does this very long will soon 
have the unpleasant experience of hav- 
ing several special cases check perfectly 
with the coding seriously wrong). De- 
generate cases, that is, cases where cer- 
tain parts of the program are not used, 
also are quite useful when their solu- 
tions are known from other sources. 


behind the 
justi- 


Automatic coding 


All the above methods put the bur- 
den of checking on the human, who is 
already overloaded. As was observed 
earlier, humans appear to be ill-adapted 
to deal with nonredundant situations, 
such as coding for a computer in the 
language of microsyllables provided by 
the designers of most computers. Most 
machine codes were carefully designed 
to have no redundancy and to do one 
simple elementary step for each in- 
struction. Worse than this, perhaps, 
the addresses where numbers and or- 
ders are stored in the machine usually 
have nothing to do with the problem 
and in many respects are nonsense 
syllables, with which, again, the hu- 
man animal is ill-adapted to cope. 

Even before computers were made 
reliable, there had been efforts to have 
the machines do part of their own 
coding. Once the machines were truly 
reliable, it was an obvious step to their 
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taking over most of the burden of cod- 
ing. Let the human write out the 
problem in a language that is well- 
suited to himself, then give the ma- 
chine a dictionary, and possibly a bit 
of grammar too, and let it translate 
from the human’s language into ma- 
chine language. 

I'he process of letting the machine 
do the detailed coding is often called 
“automatic coding”. It amounts to in 
troducing a synthetic language for the 
human, along with a translation proc 
ess for the machine, in converting th« 
synthetic language into machine lan- 
guage. This is now widely done, and 
has been very satisfactory’. In onc 
sense, it is producing reliable coding 
by putting the detailed coding process 
back on the machine which has, often 
by means of built-in redundancy, a 
high degree of reliability. 

The next question is, “What are 
the characteristics of a good language 
of communication for a human to usc 
when he is working with a computing 
machine?” Although the linguists have 
studied languages for a long time, it 
turns out that they have very little to 
say on this subject, and admitting that 
there is no real data, common sens 
must be resorted to. Some desirable 
properties would seem to be: 

the language should be compact, 
in the sense that a few words in 
the language should produce a 
good deal of computing by the 
machine; 

the language should avoid, as 
far as possible, the use of non- 
sense syllables, specifically refer- 
ences to the actual addresses 
where the numbers and orders 


happen to be stored for a pat 
ticular problem, and 

the language should have some 
redundancy so that it can be 
used comfortably by humans in 
stead of requiring an almost im- 
possible standard of perfection. 

Without going into the detailed 
evolution, one may say that the field 
of automatic coding has progressed 
through items 1 and 2 above: the first 
by means of subroutines and synthetic 
languages, and the second by means of 
regional coding, symbolic coding, and 
nonaddressed coding systems. The lat 
est efforts along these lines are to us: 
the equations themselves as inputs to 
the machine, along with a few stand 
ard phrases to indicate the relation- 
ships between the equations 

One may sav that these method 
while highly successful, have left the 
human in a situation where he has no 
usable redundancy to protect himself. 
How to get out of this situation is not 
it present very clear, but the philoso- 
phy expressed in this article suggests 
that if humans are to work with ma 
chines, then the language of communi 
cations should have some redundan 
in it for the sake of the humans. Th 
should be, ideally, a uniform redun 
dancy which, unlike English, would 
give ‘uniform protection against slip 
Actually, the design of such a lan 
guage should rest on 
standing of the nature of the human 
slips and their causes than we nox 
have. 

In the beginning of this article, 
three sources of errors were listed, m 
chine operation, coding, and concep 
tion, and it was remarked there that 


RICHARD W. HAMMING 


Dr. Hamming came to Bell ‘Telephone Laborato 
ries in July 1946 as a mathematician with computer 
experience—quite a rare combination in those days. 
He was introduced to the automatic computer as a 
practical tool while working at Los Alamos on calcu 
lations incidental to the world’s first atomic explosion. 
His interest, as a mathematician, in being sure that 
the machine produces the right answers has led him 
to contribute to some redesign work on BTL’s analog 
computer. Before his Los Alamos days, Richard Ham 
ming taught mathematics at the University of Illi 
nois, where he received his PhD in math in 1942. He 
got his bachelor’s degree from the University of Chi 
cago in 1937, and his master’s from the University of 


Nebraska in 1939, 


Dr. Hamming is vice-president of 


the Association for Computing Machinery. 
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a better under- 


the third one is at present prob 
ably the greatest cause of wasted ma- 
chine capacity Che first has been 
covered by better engineering and 
when necessary, built-in redundancy. 
(he second is fairly well under con- 
trol when a good method of automatic 
coding is used, though a lot remains 
to be done. Almost nothing has been 
done on the third source of trouble, 
faulty conception and planning. This 
problem transcends machines, it is unt 
versal; but it is not necessarily impos 
siple to alleviate to some extent 
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Let’s look at a typical control loop of the 
‘American-Microsen’ ELECTRONIC PROCESS CONTROL SYSTEM 


This all-electronic dc system of miniature-type units operation during start-up or emergency conditions, with 
assures the instrument engineer of 1) better control; true “bumpless” transfer from manual to automatic 
2) greater flexibility; 3) lower initial costs; 4) low- me 
: eae ian ae mates . ' , = ransistorized design increases reliability and service 
er operating costs. The typical control loop above life. Miniaturization and consolidation of control func- 
demonstrates the simplicity and functions of the tions reduces panel cost and wiring expense 
system. 
3. Electro-Hydraulic Control Valve Operator. A power 
1. Transmitter. ‘American-Microsen’ transmitters are unit with position feedback that operates slip-stem con- 
used for measuring pressure, temperature, differential trol valves. No compressed air is needed. Mountable on 
pressure, liquid level, flow, and other process variables standard yokes supplied with conventional slip-stem 
The “Microsen” balance creates a stable de signal for control valves with bodies of single or double-seated 
long distance transmission. Transmitters have no bear- construction, with V-port, parabolic, needle and equal 
ing pivots or linkages assuring sensitivity and re- percentage plugs, including valves of 4” stroke, and force 
peatability of measurement. Small size is made possible available up to 3,250 lbs 
by printed circuitry and miniaturized components. The 
unit can be installed on meter piping, pipe pedestal or 
vertical surface 


Where required, the American-Microsen Electro-Pneu- 
matic Valve Positioner or the Electro-Pneumatic Trans- 
ducer can be supplied 

2. Controller. A single unit combines all functions of 7 , a : lian ; a : . 
measuring and recording or indicating the input signal {n automating your processes for higher product 
producing the control signal; and allowing manual- quality and greater operating economy, you want 
automatic process operation. Separate plug-in chassis the better control and simplified servicing provided 
provides the following functions: A. Records or indi- by the American-Microsen Electronic Process Con- 
cates process variable. Strip or card chart recorder tr 1 Svste We ila an et witl . 
chassis available. B. Produces proportional, reset and ROL Oy SrCrn. e invite you to meet with one of oul 
rate control actions to regulate the variable. All control sales engineers to determine the best equipment for 
settings are calibrated. C. Permits switching to manual your service. Write for literature 
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LESS THAN 6 POUNDS OF GYROS 


STABILIZE MORE THAN 60,000 POUNDS/ OF AIRCRAFT 


New CONVAIR F-102A 
All-Weather, Delta-Wing, 
Supersonic Jet Interceptor 


RATE GYRO SYSTEM 
in the F-102A features 


3 Honeywell Model JR / Gyros 


with these / outstanding characteristics: 


EXCELLENT LINEARITY: 0.25% of Full Scale. 
LOW HYSTERESIS: Less than 0.1% of Full Scale. 
LOW THRESHOLD: Less than 0.01 Degree/second. 


MICROSYN PICKOFF: Variable reluctance type providing infinite 
resolution and high signal-to-noise ratio. 


FULL SCALE RATE: Up to 1000 Degrees/second 
FULL SCALE OUTPUT: 5 volts. 

RUGGED: Withstands 100G shock. 
VIBRATION: Withstands 15G to 2000 cps. 
SIZE: 2” diameter, 454,” long. 

WEIGHT: 1.8 Ibs. 


cin % tes In the Convair F-102A Rate Gyro System, Honeywell JR Rate 
Gyros instantaneously detect aircraft turning rates. Resulting output sig- 
nals stabilize the aircraft throughout its entire range of speed and altitude. 
Teamed with other equipment, this Rate Gyro System makes possible uni- 
form pilot control response for all flight conditions. Model JR Rate Gyros 
are also designed into a number of production and development missile 
programs. Honeywell products and engineering experience are available to 
assist in the solution of your Gyro system problems. Write for Bulletin 
JR ... Minneapolis-Honeywell, Boston Division, Dept. 34, 1400 Soldiers 
Field Road, Boston 35, Mass. 


Honeywell H) 


BOSTON DIVISION 
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IDEAS AT WORK 


Electronic ‘Trail-Finding 


A “Weasel” moves safely in fog 


and blizzard along a trail marked by 


two wires buried 75 ft apart in snow. 


More than 100 miles at a time have 


been negotiated easily with the help 


of this magnetic navigation system. 


CALVIN O. O’ROURKE 
Engineer Research & Development 
Laboratories, Fort Belvoir, Va. 


Poor visibility during snow storms, 
and summer “‘white-outs” (dense fog) 
makes free movement in the Arctic vir 
tually impossible. Safe trails through 
dangerous, crevassed areas are crooked 
and narrow. Visual markers like flags 
and poles are useless, since they are ob- 
scured by poor visibility or destroyed 
by the elements. 

Ihe development of an electronic 
trail-marking system by the Engineer 
Research & Development Laboratories 
and General Mills, Inc., marks a giant 
stride against these hazards. 

This system has been used to navi- 





115V or 230V 
60 cps 
generator 


ON - OFF 
switch 
Interlocks, etc 











gate more than half of a 220-mile 
electronic trail on the Greenland Ice 
Cap in white-outs, blizzards, and 
combinations of the two. In the first 
42 miles, this trail crosses about 10 
known crevasses varying in width from 
2 to 30 ft and depths up to 75 ft. 

Ihe system consists of the terminal 
gear, the wire trail and accessories, 
and the vehicular equipment. 

The terminal gear supplies a 60-cps 
ac on two wires buried in the snow 
and ice for the length of the trail. 
I'hese wires are buried on each side 
of the trail 75 ft apart and at depths 
of from 2 to 20 ft under the snow, 
and are shorted together at the far 
end to complete a long loop. The 
power transformer is provided with 
taps from 150- to 1,600-vac to allow 
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Terminal equipment like this need be located at only one end of trail 


overing from 20 
to 300 miles. The tap selected is one 
which would provide a minimum of | 
amp on a specified length trail system. 
It was found during that the 
maximum required to navigate a 120- 
mile 300 volts at 4 amp. 
Ihe secondary of the power trans- 
forme! to a OU-cps reso- 
nant circuit in series with the trail 
wires. This resonant circuit is used as 
a coupling circuit to allow insertion of 
audio communication and dc alarm 
circuits to the tra \ 30-ma de 
current in the tr which con- 
tinuously energizes a relay at the 
terminal gear, gives visual and audible 
indication of broken trail wires. When 
the wire is broken, the dc current 
drops to zero and the relay is de-ener- 
gized, operating a bell and light. 


use on trail systems ¢ 


tests 
system was 


is connected 


] 
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Three-loop antenna 


Vehicular equipment consists of an 
antenna assembly, an electronics re- 
ceiver, a control panel, and a dyna- 
motor powel! suppl which operates 
from 12 or 24 volts de. The receiver 
amplifies the antenna voltage, com- 
putes the heading and position of the 
vehicle relative to the trail, and ini- 
tiates the out-of-trail and loss-of-signal 
alarm. The receiver and antenna work- 
ing together present to the driver by 
visual indications on the control unit 
his position on the trail during zero 
visibility weather 

Three mutually perpendicular loops 
mounted rigidly ahead of the vehicle 
and forming a spherical configuration 
comprise the antenna assembly. Each 
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mew synchro 


e 250 hour life at 400°F. 


e Unprecedented —65°F to +400°F operating 
temperature range. 


e Unique lubrication method. 


e Special alloy for electrical connections. 


Type 11-4133-01 is a size 11 torque transmitter syn- 
chro with 115V 400 cycle input. Accuracy is +15’, null 
voltage 175 mv, stator output 90 volts and phase shift 
6.5°. Impedances are 4RQ=315+J1590, Agg=290 
+J773 and ZRgg=520+ J286. 


This is another Oster “first.” Write for further in- 
formation today. 


Engineers for Advanced Projects: 

Interesting, varied work on designing 

transistor circuits and servo mechanisms. Contact 
Mr. Zelazo, Director of Research, in confidence. 


MANUFACTURING CO. 
Your Rotating Equipment Specialist 


poke 


Avionic Division 


Racine, Wisconsin 


Other products include actuators, servos, AC drive motors, servo 
mechanism assemblies, DC motors, motor-gear-trains, fast re- 
sponse resolvers, servo torque units, reference and tachometer 
generators and motor driven blower and fan assemblies. 


Burton Browne Advertising. 
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FIG. 2. Magnetic field around two wires, 
in horizontal loop H and vertical loop \ 


loop is about 32 in. 
tains approximately +,200 turns of 
AWG No. 34 copper wire, or about 
3.5 miles of wire per loop. These are 
identified in Figure 2 as the horizontal 
(H), verticle (V), and perpendicular 
(P) antenna loops. Figure 2 shows 
the magnetic field, and the voltages 
that induces in the vertical and hori 
zontal antennas when the vehicle is 
parallel with the trail wires. 

[he horizontal signal is used as a 
reference for the position meter, since 
its phase is constant between the two 
trail wires. The vertical antenna sig- 
nal is compared to the horizontal refer- 
ence in the phase detector. As shown 
in Figure 2, the magnitude of the 
vertical signal is roughly proportional 
to the position of the vehicle from the 
center of the trail, and the phase de- 


in diam and con 


Pulse Response to Frequency 


- Horizontal 


with induced voltages FIG 
superimposed 


tector converts this signal to a dc 
meter current. The relative phase be- 
tween the vertical and horizontal sig 
nal defines the meter’s de polarity. 
lhe horizontal signal is also used 
to operate an out-of-trail warning light 
by de-energizing an alarm relay when 
the horizontal signal approaches zero. 

\ third use of the horizontal sig 
nal is as a receiver of the audio com- 
munication signal in the trail wires 
through the antenna while the vehicle 
is moving. 500-cps high-pass filter 
in the input of the audio amplifier re- 
duces the strong 60-cps signal present 
in the horizontal loop. 

The vertical and perpendicular sig- 
nals give heading information. The 
perpendicular signal is obtained from 
an antenna loop in a plane perpendi- 
cular to the direction of motion of 


—Mechanically 


mdr. M. T. GARDNER, 

Here's a predominantly 
mechanical way to get FR data 
by disturbing a system only 
once with a abet. duration 
pulse. The input pulse and the 
system’s response are recorded 
simultaneously. Then the re- 
cording is analyzed by the de- 
vice described here to get 
amplitude and phase vs. fre- 
quency data. 


Roval C: 


Navy 


inadian 


Commercial frequency-response an 
ilyzers generally require discrete sinus 
oidal inputs to the svstem under test; 
that is, the system must be subjected 
to as many different frequencies as 
ire necessary to plot its response over 
the frequency range of interest. This 
method is not only time-consuming, 
since it involves the system itself at 
each step of the test, but it also sub 
jects the system to unnecessary wear, 
especially at the higher test  fre- 
quencies. It may be impractical, too, 
for, as in the case of determining the 
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3. Vehicle carries tl equipment 


the vehicle. When the vehicle is mov- 
ing parallel with the trail wires, no 
voltage is induced in this loop. A cirt- 
cuit is used to shift the vertical signal 
by 90 deg and add it to the perpendi- 
cular signal with the resultant signal 
being amplified and its magnitude 
limited to about 4 volt. The only vari- 
able left in the signal is the phase 
angle. The limited signal is fed into a 
phase detector that has the original 
vertical signal as The out- 
put of the phase detector is a function 
of the heading angle (phase of result 
ant voltage) and is displayed as left o1 
right heading information. 

Work is continuing to improve ex- 
isting techniques and equipment. A 
one-wire trail-marking system, which 
may reduce installation and mainte 
nance costs, is under consideration. 


1 reference. 


Respon se 


frequency response of large chemical 
plants, the cost of products 
that would be produced during such a 
test is prohibitive 

lhe 
response 
some 


waste 


pulse method of 
analysis has been used for 
time in the aircraft industrv‘, 
and numerical and graphical methods 
of reducing the data are discussed in 
the literature At least one electro 
mechanical analyzer has been de 
scribed that automatically produces 
the frequency response of a system 
from 


frequency 


a recording of its response to a 


MAY 1957 


119 








120 


Go awreove ic /* 


FOR REFINERIES 


FOR AERODYNAMIC TESTING 


Swartwout 


AUTRONIC® CONTROL SYSTEMS 
a 


CONTROL 


ENGINEERING 


FOR ATOMIC ENERGY FOR PIPELINES 


a 


\ 


j 
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FOR CHEMICAL PLANTS FOR PLASTICS PROCESSING 





Without adequate process 
control systems your new plant can 
quickly slide from competitive 
... to obsolescent .. . to obsolete. 


Modern, high efficiency plants keep 





obsolescence at bay the all-electronic 
way—with Swartwout Autronic Controls. 


You'll go all-electronic eventually 
—Go Autronic now with Swartwout, 
pioneer and leader in electronic 


process controls. 


The Swartwout Company 
18511 Euclid Avenue « Cleveland 12, Ohio 





single pulse’. This article proposes a 
basically mechanical analvzer that will 
give the same results. 


Theoretical basis 


The analyzer is based on the fact 
that the Laplace transform provides a 
means for converting time-dependent 
functions to frequency-dependent 


functions; i.e.: 
| F ithe 
oO 


where F(#) is a frequency dependent 
function and F(t) is a time depend- 
ent function which is zero for t<0. 
The sinusoidal frequency response of 
a system may thus be defined as 


jwtd{ 


which may be 


FR,y, 


» af 
fF s(t) coswt di —J / PF w(t)sin wt di 
fi t) coswt dl if F jn(t)sin wt dt 
0 Oo 


The mechanical analyzer dia 
grammed in Figure 1 is a mechaniza 
tion of this last equation. The numer 
ator is equal to A,,, (w)at an angle of 
bout (w). The denominator contains 
the same amplitude and phase in 
formation about that particular fre 
quency (@) component in the input 
pulse. The division of the output 
terms by the input terms thus repre- 
sents the amplitude ratio and relative 
phase angle of the system being ana 
lyzed at the frequency o. 

Note that two identical mechanical 
analog computers are required to 
simultaneously solve the terms in the 
numerator and denominator. The re 
corder and the mechanical divider ar¢ 
common to both computers. The re 


corder reproduces a voltage analog of 


written 


ahem) Als pam Ww 


Thermistor 
Hot-Box 


Detector 


Mechanical dynamic analyzer is based on the Laplace trans- 


form, which converts 


both the input test pulse and the sys 
tem’s response to it, simultaneously. 
Ihe test frequency for which the re- 
sponse is to be found on the analyzer 
is entered at the first resolver. 

[he first resolver has a slotted bar 
mounted on a gear that is driven at 
the test frequency. The slot guides a 
pin on a traveling nut that follows a 
lead screw. The pin is servo-posi- 
tioned, by means of the lead screw, 
it a distance from the gear center pro 
portional to the input function. The 
outputs of the first resolver are the 
sinc and cosine components ot the 
w-component of the input function 
Each of these components is inte 
grated against time and then trans- 
formed back to polar form by the 
second 
tude is 


resolver. The output ampli 
then divided by the input 
implitude to get the amplitude ratio 
of the system under test at the fre- 
quency ». The phase angles are sub- 
tracted in a mechanical differential to 
obtain the phase lag due to the sys 
tem under test at the frequency @. 
Che test must be rerun for as many 
frequencies as are needed to plot the 
rrequency but the system 
itself need be disturbed only once to 
record its response to an arbitrary in 
put pulse of short duration. As with 


response, 


time functions to frequency functions 
all frequency response measurements, 
the system under test must be assumed 
to be linear with respect to amplitude 
at any given frequency, and this re- 
quires that none of the frequency 
components in the pulse be large 
enough to drive the test system into 
saturation Otherwise, the 
pulse shape is restricted only in that 
it must begin and end at z ampli- 
tude 


regions 
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Overheated journal boxes on freight 
cars can be detected on-the-fly and in 
spite of bad weather by the thermis 
tor. Servo Corp. of America has an 
operating system that uses two ther- 
mistors in a bridge circuit. One 
thermistor sees the journal boxes; the 
other sees only ambient conditions to 
keep the bridge balanced for ambient 
temperatures from minus 25 to plus 
130 deg. F. The flanges on the train’s 
vheels disturb the 


held of a perma 


nent magnet insducer, providing 
gating pulses that make the thermistor 
active only when a 
its held of view 


and steam lines ar 


journal box is in 
C'hus, brake shoes 
not seen. The sys- 
tem produces a record like that across 
the top of these columns. A recorder 
pen deflection larger than four times a 
normal heat impulse is considered to 
be a hot box. The thermistor time 
constant is about 5 millisec; recording 
is reliable at 60 mph. 
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CUSTOM 


BUILD 
your own 


Bailey 
Recorder 


These four views of the back of a Bailey Recorder show how four plug-in units may be added as 
needed to meet almost any recorder application. 


The freedom and flexibility of “do-it-yourself” in- 
strumentation is yours in the Bailey Recorder. A 
variety of plug-in units make it possible to record, 
control, and retransmit any variable that can be 
converted to a pneumatic or electric signal. 

The basic plug-in units are the Bailey a-c and d-c 
Electronic Receivers and Pneumatic Receivers. Any 
four of these may be used in one recorder, inter- 
mixed in any way, to provide four continuous 
records on one chart. 


For automatic control, other plug-in units are avail- 
able. 

For square root extraction or linear integration, 
there are two plug-in variations of the Bailey 
Integrator. 


When you want a pneumatic signal that varies 


according to a pre-set pattern plug in a Bailey 
Program Controller. 
Periodic running time of a condition or process is 


recorded on the chart when a Bailey Running Time 
Recorder is used. 


These and other plug-in units are described in 
Product Specification £12-5. Some companies stock 
Bailey Recorder cases and assorted plug-in units. As 
instrumentation and control needs arise they build 
up the kind of recorder-controller required, using 
the proper plug-in units from stock. Unmatched 
versatility such as this means lower instrumentation 
costs. 


For the complete story of how easily you can custom 
build this recorder to your needs, see your Bailey 
Engineer. G43-1 


instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD ° 


CLEVELAND 10, OHIO 


In Canada — Bailey Meter Company Limited, Montreal 
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IDEAS AT WORK 


Ciant Sling-Shot Tests Missile Components 


Guided-missile launching accelerations are simulated on this unique airt-powered 


test sled. Accelerations and rates-of-change of acceleration are controlled pneu- 


matically to close limits by calibrated orifices and an electronically programmed valve. 


Guided-missile components must 


withstand severe accelerations during 
launching of the missile. In order to 
test components under launching con 
ditions, Northrop Aircraft Co.’s Engi 
neering Laboratory designed and built 
in air-powered test sled, which is, in 
effect, a giant sling-shot. The sled is 
unique in that acceleration buildup is 
controlled to a sinusoidal waveform, 
rising to any desired peak value be 
tween + and 8 g’s. Acceleration at the 
peak value is then sustained to a total 
elapsed time, including acceleration 
buildup, of at least 0.25 sec. 

The test sled, designed specifically 
to test components for the SM-62 
Snark) missile, had to conform to a 
specified program of accelerations. A 
test “run” divides into six phases 


Acceleration buildup, a contrelled 
sinusoid—reaches a peak variable 
between 4+ and 8 g’s at a time 
variable from 0.040 sec to 0.140 
sec after “‘firing’’. 

Acceleration at the phase | peak 
value—sustained to a total elapsed 
time (including phase 1) of at least 
0.25 sec. 

Acceleration decavy—controlled to 
provide a lower rate-of-change of 
acceleration than during phase 1. 
Deceleration buildup—uncon 
trolled, but providing a lower rate 
f-change of acceleration than dur 
ing phase 1. 

Deceleration after buildup—sus- 
tained at one-half the acceleration 
of phase 2 

Deceleration decay—uncontrolled. 


FIG. 1. Side elevation of Northrop’s controlled acceleration “‘sling-shot 


1 


for simulating 


icceierations 


Test Actuating 
sled system 





that occur during missile Jaunchings 


‘ 


Emergency 


System description 


Figure 1 is a drawing of the entire 
testing assembly. The test sled, shown 
at the middle, left, riding on the rails 
on top of the superstructure, is driven 
by cables attached to a free piston in 
side the long pneumatic cylinder that 
can be seen below the rails and 
within the superstructure. The cylin- 
der itself is shown in Figure 2 

[The rate of acceleration buildup 
and the peak acceleration are deter 
mined by adjusting the initial cavity 
it the head of the piston and the in 
itial orifice. A quick-opening valve 
triggers the acceleration cycle, provid 
ing a constant pressure to the initial 
orifice at air flows from 0 to 10 Ib 


Sec Acceleration buildup conforms 
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FIG. 2. Pneumatic contro] 
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system for “‘sling-shot Drive 
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Portion of Eclipse-Pioneer's synchro calibration and test facility. 


WHY IT PAYS TO SHOP AT THE BENDIX “SUPERMARKET” 


— NATION’S LARGEST PRODUCER OF SYNCHROS 





SHAFT POSITION-TO-DIGITAL CONVERTERS 


Eclipse-Pioneer Coded Commutator type shaft position-to- 
digital converters are miniature devices for converting 
Analog information to Binary Digital form. Designed for 
Digital control systems, data processing equipment, 
telemetering applications, or computers. Especially suited 
to air-borne use. 


Specifications: 


| Model GS-1-Al 
8 digit gray (Reflected 


Model GS-2-Al 


7 digit Natural Binary 
Binary Code) Code (double brush) _ 


1 part in 256 1 part in 128 


| O15 amps. (max.) per digit | .015 amps. (max.) per digit 
with non-inductive loading | with non-inductive loading | 


Type ovtput 


] 
Shaft resolution | 
Current rating 
Shoft speed Max, continuous input of 


Max. continuous input of 
150 revs. per minute 


150 revs. per minute 
0.2 ounce-inch (max.) 
15/16 inch 


input torque 0.4 ounce-inch (max.) 


15/16 inch 








Diameter of unit | 





In buying precision synchros, 
doesn’t it make a lot of sense 
to insist on getting exactly 
what you want, when you want 
it—and at minimum cost? 

Best way to be sure you get 
all three is to depend on the 
Bendix ‘Supermarket’. 

Our mass synchro production facilities . . . the nation’s largest 

are constantly turning out just about all types of synchros 
imaginable. This means we can offer you immediate delivery of 
most synchro types—and minimum cost on all synchro types, 
even for small quantity orders. 

You can depend on the quality of Bendix synchros, too. They 
will equal . . . or exceed . . . the accuracy of any other synchros 
made today. Sound reasons why you'll be ahead to rely on the 
experience and mass-production facilities of Bendix. 


District Offices: Burbank, Calif., Dayton, Ohio, Seattle, Wash. 
Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 


Eclipse-Pioneer Division onde” 


Teterboro, N. J. 
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to the desired sinusoidal curve. Actu- 
ation of the quick-opening valve also 
starts a Berkeley counter, which trig- 
gers the programming valve at the top 
of the sinusoidal acceleration buildup 
to admit more air (up to 30 Ib/sec) 
into the cylinder. The programming 
valve continues to open at a controlled 
rate to keep acceleration constant. 

Braking is done by another free 
piston, which has in its center an air 
seal made of alternate layers of felt 
and leather liberally oiled, through 
which the driving cable passes freely. 
The braking piston is held at rest, 
by a preset braking pressure, against 
a one-way stop about half-way down 
the cylinder. As the driving piston 
passes the exhaust ports, pressure 
builds up between the driving piston 
and the braking piston and the brak- 
ing piston begins to move. This tech- 
nique permits pickup of the braking 
force without overshoot. A constant 
braking pressure is maintained during 
the deceleration phase by the braking 
pressure regulator. 


Instrumentation 


In a typical run, galvanometers trace 
braking pressure, driving pressure, and 
manifold pressure to quick opening 
valve, forward accelerometers, vertical 
accelerometers, and yaw accelerome- 
ters, and firing-switch impulse, pro- 
gramming-valve initial position and 
opening point, time-delay input to 
programming valve, and impulse from 
opening of the program valve switch. 

Before firing, a technician checks ex- 
citation voltages to strain-gage trans- 
ducers by turning a selector switch 
on a contro] panel and checking the 
meter-indicated voltages against a chart 
of predetermined values. Closing the 
firing switch starts a stepping relay 
which, in turn, starts the recording 
oscillograph, calibrates all strain-gage 
channels, and then “fires” the test 
sled. The Consolidated Electrody- 
namics recording oscillographs (Type 
5-114) used are preset to run 55-in. 
long records at 19.2 in./sec. Figure 
3 shows how transducer signals are 


An Inexpensive Way to 


Interface Level 


J. P. SHOFFNER, E. I. du Pont de Nemours & Co., Inc 


A problem in interface level meas- 
urement at du Pont’s Sabine River 
Works was solved recently in a rela- 
tively simple and practical way with 
two basic level-measuring devices. The 


ultimate objective was to determine 
the pounds of lower layer material in 
a storage tank containing two immis- 
cible liquids of different specific grav- 
ities. 

A manometer with dip tubes ex- 
tending vertically from the top of the 
tank had been used as a total material 
inventory measure, but it lacked the 
facility for accurately determining the 
amount of lower layer material pres- 
ent. A second instrument—a float- 
actuated-type level gage—was installed 
on the tank. It was then possible, 
using the manometer and float read- 
ings, to determine the interface level 
and, finally, the quantity in pounds 
of the lower layer. 

The float gives a volumetric meas- 
urement of total amounts of liquid 
present. The dip tube, however, 
measures the difference in pressure 
between the top and bottom of the 
tank, which is proportional to the 
total weight of both liquids. With 
total volume, total weight, and density 
of each liquid known, the weight of 
each liquid is expressed by: 

(de/d;—1)W:=W—d,AH (top layer) 

(1—d,d.)W2=W—d,AH (lower layer) 


FIG. 3. View of test sled shows how 
transducer cabling is picked up from 
trough beneath sled during test run 


led from the test sled to the recording 
oscillograph by means of flat cables 
picked up from a trough beneath the 
sled as it moves down the track. 


Measure 











Total 


weight 


tank area, ft? 

liquid density, lb/ft? 
liquid level, ft 

liquid weight, Ib 


H 
Ww 


ian 


Subscripts 1 and 2 refer to upper and 
lower immiscible liquids, respectively. 

The alignment chart shown applies 
to the particular tank size, instrument 
calibrations, and liquids encountered 
in the Sabine application. It proves a 
fast and easy method for the operator 
to determine the amount of the heavy 
ier liquid present. The amount of the 
top layer can then be found by differ- 
ence. The red line shown gives the 
solution for readings of 16 ft total 
height and 110,000 Ibs total weight. 
The lower portion will be seen to 
measure 8.3 ft and weight 66,000 Ibs. 
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NEW PISTON PRESSURE SWITCH 
— REALLY TWO FOR THE PRICE OF ONE 


ACTUATION POINT ADJUSTMENTS 
; 


LIST PRICE 





Model C9622 is capable of sens- 
ing two different pressures in one 
system and actuating independent 
electrical circuits at any two de- 
sired points, usually a job for two 
units. Useful where a system pres- 
sure must not exceed nor fall be- 
low predetermined values. 


Simplifies plumbing, cuts instal- 





lation cost in half, relieves space 
problems. 


Here’s the Simplest 


Diaphragm Pressure Switch 


for Explosive Atmospheres 





WE BUILD IN WE DON’T USE 


*With calibrated dials 





EXTREME ACCURACY 
and DEPENDABILITY 


LINKAGES & BEARINGS 


(both settings can be made 
visually without gauges ) 
Without dials $29.50 


which, as they wear, Both prices subject to the usual 


Sat il , uantity and trade discounts. 
maintained during , . 

operating life due to 
direct acting design 


\ make the setting 


of the pressure switch 
iy drift. 


LIQUID SWITCHING 
ELEMENTS 


which make the switch 
difficult to mount and 
very critical to vibration. 





WE BUILD IN WE DON'T USE 


Cn > 


LINKAGES & 
BEARINGS 
Which wear quickly 
—(cause settings to 
drift and switch to 

fail). 








OPERATION 
IN ANY POSITION 


which saves the installation 


RUGGEDNESS 


Can take surges— 
( High proof pressures ) 
Continuous operation— 
(Millions of cycles) 
No sticking— 
(in dirty fluid ) 


costs encountered in mount- 
ing a switch that uses liquid 
switching elements. 








IMMUNITY 
TO VIBRATION 


you can mount the switch 
directly on your vibrating 
or moving equipment. 


ACCORDION 
DIAPHRAGMS 


which make the 
pressure switch 
sensitive to vibration. 


LABOR & MATERIAL SAVINGS 


UNSEALED 
PISTONS 
Which add to your 
installation cost (re- 
turn piping). 
Are critical to dirt-— 
(pistons get stuck). 


BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 
5125 Alcoa Avenue, los Angeles 58, California 


Ask for bulletins 9622 and C9622. 


No return drain piping— 
(Sealed piston ) 
Mounts where convenient 
(Operates in any position, 
Not sensitive to vibration ) 








To get complete specifications and operating data ask for bulletins 920-925. 


BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 
5125 Alcoa Avenue, Los Angeles 58, California 








CONTROL ENGINEERING 





Permits new highs in 
rectification efficiency 
with reduced 
space-weight-cost 
requirements 


These new high-current rectifier stacks supply 
exceptionally long service without attention or 
maintenance. There are no moving parts, liq- 
uids, vapors, or sensitive electrodes’ involved. 
And the fin design provides adequate cooling in 
many applications without forced air. 

The rectifying units proper are the famous 
4JA60 Silicon high-current rectifiers produced 
by the General Electric alloy technique. Her- 
metically sealed in rugged metal housings, they 
are protected against damage from moisture, 
dust, fumes and corrosion. 

Silicon high-current stacks are now available, 
completely assembled to meet your circuit re- 
quirements in stacks containing up to twelve 
rectifying elements. These compact, easily in- 
stalled stacks may be the answer to your present 
design problems of big capacity in small space. 



































~~ 
co 





TYPICAL APPLICATION...GENERAL ELECTRIC 
4JA6011 SILICON HIGH-CURRENT RECTIFIER STACK 


CIRCUIT Three Phase Bridge Rectifier, Resistive 


Load. 
DC OUTPUT 
RECTIFIER LOSSES Approximately one percent (% kw). 


COOLING REQUIRED 35°C Free air. Forced air may be used 
for additional current if 


280 volts, 250 amperes, 70 kilowatts. 


desired. 


VOLUME Total volume of assembly 


cubic foot. 


less thar 

















Your General Electric representative will be glad 
to supply full data. Or, write to General Electric 
Company, Semiconductor Products, 
$1657, 


Section 
Electronics Park, Syracuse, New York. 
« , 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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NEW PRODUCTS 


Designs of the Month Power Supplies 
Research & Development Final Control Elements 
LISTINGS IN GROUPS Measurement & Data Transmission Digital Devices 
Information Display Instruments Component Parts 
Control Devices Accessories & Materials 


CANNED REACTORS enhance design. 


A brand-new line of 22 standard reactor assemblies is now 
available for a variety of control applications. These include 
motor-speed control, voltage regulation, arc-welding control, 
and power amplification of minute outputs from many types 
of transducers. Except for numbered external terminals, the 
units are completely encased. Case sizes range from 4 in. sq 
by 54 in. long to 94 in. sq by 9 in. high. Eleven models 
operate on a 110-volt supply, the others on a 240-volt 
supply. Average de voltage-amperes output in both series 
is from 60 to 1,600. Other characteristics include figures 
of merit greater than 1,000 and cutoff ratios of 40:1. 

As many as eight control windings provide for bias, feed- 
back, mixing, and other control functions. One of the 
most common high-gain circuits for which these reactors 
are ideally suited is the single-ended, self-saturating doubler 
circuit shown at the left. In this particular application, a 
bridge rectifier is used to provide de output. Other common 
de output circuits include the self-saturating center-tap 
circuit and the full-wave bridge circuit—‘Control” Div. of 
Magnetics, Inc., Butler, Pa. 


























1- @ ac supply Circle No. 9 on reply card 


MOTOR DESIGN cuts inertia 55 percent. 


Departing from several traditional design concepts, this 
new line of de motors and generators achieves a measure of 
performance and dependability new to standard dc machines. 
Among features available for the first time are a high-tempera- 
ture silicone insulation in machines built and rated to meet 
low Class B temperature; a controlled ventilation system that 
improves cooling and cleaning by drawing air from the drive 
end and expelling it at the commutator end; and a housing 
design that effectively makes drip-proof machines splash-proof. 
Longer frames, now standard in the industry, and the new 
ventilation system combine to reduce the effective armature 
inertia by as much as 55 percent. This low inertia, plus a 
35-percent increase in commutating ability, make the new 
motors ideal for control applications. The exploded view, 
left, illustrates the smaller-diameter rotor and the front-end 
cooling system. 

Twenty motor ratings from 4 to 150 hp with base speeds 
of 300 to 3,500 rpm and 18 generator ratings from 7 to 
100 kw with speeds of 850 to 3,450 rpm permit ample 
selection. Motors are available with shunt, compound, or 
series windings. On shunt motors, the large air gaps, over- 
sized field coils, and special pole faces provide near-linear 
regulation, thereby reducing the control problem in auto- 
matic systems.—Westinghouse Electric Corp., Buffalo, N. Y. 


Circle No. 2 on reply card 
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CONDUCTIVITY CELL aids analysis work. 


Designated Model 75, this new high-temperature thermal 
conductivity cell is designed to operate over a range of 30 
to 325 deg C, and will handle liquids with boiling points as 
high as 425 deg C. Its use should appreciably extend the 
range of chromatographic analyses. Excellent stability and 
sensitivity at these temperatures is achieved by using flake 
thermistors as the sensing elements. Each cell consists of 
a detector enclosed in a specially designed oven, a tempera 
ture controller with proportional action, a bridge circuit, and 
power supply. Manufacturer claims the cell can be incorpo- 
rated into any existing chromatographic apparatus.—Barnes 
Engineering Co., Stamford, Conn. 


Circle No. 3 on reply card 


NEW CONTROL VALVE stands 300 psi. 


Photo at right shows a new electropneumatic valve actuator 
assembly that will operate at up to 300 psi line pressure. 
Lighter and smaller than electric-motor-driven valves, these 
units are designed to give maximum leverage at the start of 
valve opening. In operation, actuating air pressure is drawn 
off the upstream side of the valve body, passes through an 
air passage next to the valve stem, and feeds into a pressure 
regulator that reduces the variable duct pressure to a con- 
stant 15 psi for operating the valve. On-off and full modu- 
lating types are available, the latter operating in conjunction 
with a magnetic-amplifier control. Response time is between 
1 and 10 sec.—Vapor Heating Corp., Chicago, III. 


Circle No. 4 on reply card 


VIBRATION calibrator spans wide range. 


Using a noncontacting probe, the Model 501 Vibration 
Calibrator will measure vibrations of 10 to 20,000 cps with 
amplitudes of 20 to 20,000 micro-in. A precision attenuator 
provides seven amplitude ranges, and accuracy in each is 
within plus or minus 5 percent. By comparing peak-to-peak 
displacement of a vibrating surface with a standard displace- 
ment, the instrument permits direct reading of output varia- 
tions. The transducer requires a minimum surface diam of 
s in. Applications involving magnetic and nonmetallic sur- 
faces are accommodated by cementing a piece of copper or 
aluminum foil, 1 in. in diam, to the surface under the trans- 
ducer.—Tel-Instrument Electronics Corp., Carlstadt, N. J. 


Circle No. § on reply card 


POWER TRANSISTOR switches 1-kw load. 


The Delco 2N174 Power Transistor, now in mass produc- 
tion, is said to be capable of switching a load in excess of 
one kilowatt. Two advantages of the transistor are: 1) switch- 
ing an electrical current from a considerable distance using 
thin wiring, and 2) eliminating arcing at the switch, thus 
making it safe in explosive atmospheres. This also results in 
longer switch life and, consequently, higher reliability in 
industrial control applications. The switching property of the 
2N174 can also be used for converting dc to ac with a loss of 
less than 10 percent of the output power.—Delco Radio Div., 
General Motors Corp., Kokomo, Ind. 


Circle No. & on reply card 
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Rectified 
RELAYS 
advance 


Keliability 


hermetical- 
ly sealed 
for 400 cycles. 


Improvements, over conventionally 
operated AC relays, afforded through 
all frequencies from 25 to 400 cycles 
by MAGNECRAFT full-wave rectified 
relays, include— 

Increased operating sensitivity 
Higher contact pressures 
Greater resistance to vibration 


Operation through much wider 
variation in voltage or current 


Quiet operation, free of AC hum 
Smaller size 

MAGNECRAFT full-wave rectifica- 
tion adds nothing to mounting and 
wiring problems. 


Tell us what you need or send for 
catalog. 


Full wave rectified 
Contact combinations to 6PDT 


MAGNECRAFT 


Electric Company 
3354F W. Grand, Chicago 51, Ill. 


for 60 cycles. 
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RESEARCH, TEST, 
& DEVELOPMENT 


PRESSURE STANDARD 


Operating as an air deadweight tester, 
this new pressure calibrator has the 
advantages of a frictionless 


pressure 
medium, accuracy 


even at 
psi, and portability 
regardless of the pressure range. Pres 
sure calibration is achieved by balan 
ing controllable air pressure against 
the force generated by a weighted pis 
ton. When the piston is lifted and 
suspended by air pressure, a given pres 
sure has been established. ‘his sam« 
pressure is fed simultancously to the 
device under test. Friction between 
the piston and cylinder is dispelled by 
momentarily actuating a motor-clutch 
assembly, which starts the piston 
rotating.—Consolidated Electrodynam 
ics Corp., Pasadena, Calif 


extreme 


pressures below |] 
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INFRARED SOURCE 


\ new 
Model 
stable, 
body 


radiation 
said 


infrared 
CPD-5, 1s 


accurately 


SOUICE, 
to provide 
controlled — black 
infrared radiation over a broad 
band of temperatures from ambient 
plus 10 deg C to 500 deg C. Its 
rugged, compact construction and 
simple operation suit it for both 
laboratory and field. ‘The unit may be 
mounted or unmounted, as a single 
instrument or in combination 
others.—Haller, Raymond & 
Inc., State College, Pa. 


with 
Brown, 
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TRANSDUCER CALIBRATOR 
lhe Alinco ‘T'vpe C Calibrator, 


ibove, will 
transducer. 


Vi 
calibrate any wire strain 
Sensitivitv, linearity, hn 

teresis, and creep can be checked to 
an accuracy of 0.05 percent. Readout 
is given directly in percent of full 
scale pressure, load, etc.—Allegany In 
strument Co., Inc., Cumberland, Md. 


Circle No. 9 on reply card 


BAR GRAPH SCOPE 


\ new Navv bar graph oscilli ype, 
ilso commercially available, provides 
simultaneous display of 40 


scparatc 
signals. It may be 


used to observe, 
at a single glance, 40 strain-gage out 
puts or 40 thermocouple outputs, to 
monitor multiplexed — telemetering 
channels, and many other applications 
\ 9-by-12-in. bar graph, on 17 
cathode-rav tube, consists of 40 
tical lines. Line height is a 
function of signal amplitude. [or 
creased reading accuracy, each | 
terminated with a marking dot at bi 
top and bottom. Drift docs not 
ceed 0.1 percent, and linearity is 
within 1.0 percent of full scal led 
eral l'elephonce & Radio Co., Div. of 
IT&T Corp., Clifton, N. J 


il} 
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CURRENT STABILIZER 


Model CG-1 Current Governor 
is a two-terminal stabilizer 
and programmable electronic load. 
Current levels at voltages from 0 to 
plus or minus 3,000 vde are selected 
by front-panel controls in l-ma steps 
from 1 to 600 ma. Stabilized 


Ives 


current 


urrent 





He “quarterbacked” L&N know-how into 
a finished control system for ETR 


This project engineer coordinated the recently 
completed L&N control system for the 175,000-kw 

heat) Engineering Test Reactor (ETR). His 
function typifies the whole L&N concept of reactor 
control standardized components economically 
‘packaged”” by men experienced in both steam 
power and nuclear control. 

Applied to the pressurized water-type ETR 
built for the A.E.C. by Kaiser Engineers), this 
L&N control concept resulted in a skillfully inte- 
grated system — one that includes all of the reac- 
tor’s operating and safety channels. A network of 
Speedomax® monitron recorders was also supplied, 
to guard constantly against radiation hazards. 

In directing work on this system the project en- 
gineer drew on a 14-year personal working associa- 


Instruments HD | | 


tion with steam power instrumentation. He’d be- 
gun building his nuclear background long before 
his assignment as project engineer for the L&N 
control systems developed for the Penn State and 
University of Michigan Reactors. 

This project engineer, and others like him, serve 
as coordinators on every reactor control system 
produced by L&N. You can direct their experience 
to your own nuclear control problems merely by 
contacting us through your L&N office 


Write for our brochure “Control 
Systems for Nuclear Reactors 
Leeds & Northrup Co., 4918 Sten- 
ton Ave., Phila. 44, Pa. 


‘NORTHRUP 


Automatic Controls « Furnaces 





RAIN 


RESONANT 
REED 








OSCILLATOR 
CONTROLS 


FEATURES 
a High accuracy 


q Stability of 
frequency control 


% Self starting 
a Infinite service life 


Integral, sealed, 
magnetically 
shielded 


& Standard octal tube 
pin connectors 


& Small, light weight 


APPLICATIONS 


Electrical and Acoustical Measurements 
Electrical Communication Systems (Selective Calling) 


Remote Operation and Supervisory Control of Machinery 
and Apparatus 


Electrical Computers and Telemetering Systems 
Electro-Mechanical Bandpass Filters 


Frahm Oscillator Controls, Type ROC, make possible the design and con- 
struction of inexpensive, precision tone generators that are small and light 
weight. These generators will have accurate output frequency and output 
voltage with very nearly sinusoidal wave shape. 

They can be made with any one nominal control frequency between 20 
and 1100 cps. They will control the output frequency of circuits, under 
specified conditions, constant within +0.15°%, of the nominal control 
frequency. 

We particularly encourage your inquiries and correspondence on special 
applications and problems. If you haven’t explored these Frahm Oscillator 
Controls we'll be glad to send you complete specifications, characteristics, 
etc. Write for Bulletin 34-CE. 


JAMES G. BIDDLE CO. 


ELECTRICAL TESTING INSTRUMENTS ¢ SPEED MEASURING INSTRUMENTS 
LABORATORY & SCIENTIFIC EQUIPMENT 
1316 ARCH STREET, PHILADELPHIA 7, PA. 


132 CONTROL ENGINEERING 


NEW PRODUCTS 


may be modulated up to 100 percent 
by internal 60-cps sine waves or by 
external signals including sine waves, 
complex waveforms, and dc. Applica- 
tions include transistor and tube test- 
ing, magnetic-core investigation, gen- 
eration of high voltage, long-period 
sawtooth waveforms, and instrument 
calibration.—North Hills Electric Co. 
Inc., Mineola, L. I., N. Y. 
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TRANSISTOR TESTER 

Built around a high-accuracy D’Ar- 
sonval meter movement and long-life 
constant-voltage mercury batteries, the 
MH-1 transistor tester, shown above, 
is an accurate and portable unit, suit- 
able for both field and laboratory 
use. It tests PNP or NPN transistors 
for current gain and collector-to-base¢ 
leakage. Crystal diodes and power 
rectifiers may also be checked for 
shorts, opens, 01 forward-to-reverse 
current ratio. \ useful transistor 
manual is included with each teste1 
Northwestern Research Laboratories, 
Sacramento, Calif. 
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MEASUREMENT & 
DATA TRANSMISSION 





NOVEL ROTAMETER 

The tinv rotameter shown above con- 
sists of only five parts: a_ stainless 
steel or brass pipe nipple with milled 





Automatic Controls for 


PRESSURE, FLOW and COMBUSTION 


USEFUL 


NEW BULLETIN 


Describes 
and Illustrates 


UNIQUE 


Final 
Control Element 


Here’s a well illustrated informative 
bulletin with ample facts, photos and 
drawings to show you the advantages 
of an all electric control system using 
this unique valve actuator. 


Bulletin #38.2 contains the type of infor- 

mation you'll want at your fingertips— 

such as: 

Valve Stem Speed « Valve Stem 

Thrust « Input Coil Resistance « Power 

Supply Requirements « Frequency 

Response « Weight « Oil Capacity 

Facts you'll want to know 

Bulletin #38.2 explains that the ASKANIA 

Electro-H ydraulic Valve Actuatorcanbe: 

1 Adapted to any electronic controller 
with d-c signal output 

2 Applied to any valve up to & inches 
in size and with strokes ranging from 
14 inch to 2 inches 

3 Adjusted to provide the proper set- 
ting for the desired valve stroke 

4 Supplied with or without the valve 


Be Informed— 
Write for your copy of Askania Applica- 


tion Bulletin No. 38.2. Regardless of 


your present needs, you'll want to know 
about this novel FINAL CONTROL ele- 
ment. Just write Askania Regulator 
Co., 266 E. Ontario, Chicago 11, IIl. 


The new Askania Electro-Hydraulic Valve Actuator 
which makes possible electric operation of the final 
control element 


ASK ANIA eecutaror company 


“CONTROLS FOR INDUSTRY”’ 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A SUBSIDIARY OF 
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Load-Compensated Potentiometers 
for Driving Current-Sensitive Circuits 
without Isolation or Buffering et ee wee eee 


tainer. Maximum static pressure is 
In a load-compensated potentiometer the 1,000 psi, but shock loads to 5,000 
current into the load is a linear function pe ae he section. Fiew sate 
ranges are 10-100, 20-170, and 100 
of shaft rotation. The load-compensated 350 ce per min.—Lester-McKinney 
potentiometer is thus a shaft-rotation-to- Water Specialists, Inc., Chester, Pa 
current transducer, and may be used to Circle No. 13 on reply card 
drive current-sensitive devices without 
isolation or buffering. The scale factor 
Case 1 of the current-rotation conversion varies 
Customer must specify directly with applied voltage and inversely 
to which 0 . . aa 
ao poe with load resistance. The load ratio is 
tiometer load resistance es : 
is returned permanently specified at the time of 
manufacture and is “built-in” the poten- 
tiometer. 


observation slot, a machined lucite 


STANDARD LINEARITY AVAILABLE 
IN MODEL F 1810 


F 


Linearity 


9 


Case 2 

Normally 

e; =e, — 
Potentiometers 75/1 15/1 30/1 60/1 re Saree 

where e, + e, Load Ratio (Value of “a” in Schematics) [his new free gyro, featuring a sole 

are available noid-powered caging system, is already 

STANDARD LINEARITY AVAILABLE in use on new missile systems and 

IN MODEL J3015 other flight-test operations requiring 

remote caging and uncaging. The cag 

ing system has a minimum number of 

parts and is positive and reliable in 

operation. Precision potentiometer 

pickoff can be furnished with taps if 

desired. ‘The compact unit measures 

54 in. long by 3 in. in diam and 


_ 
c 
@ 

oJ 
— 
a 
a 
a 

a] 
cc 


Linearity 


Independent 


weighs about 24 lb.—Humphrey, Inc 


7.5/1 15/1 30/1 60/1 120/1 San Diego, Calif 


Case 3 i 
Load Ratio (Value of “a” in Schematics) Circle No. 14 on reply card 


Normally potentiometer 
-" ee a POTENTIOMETERS MEET NAS-710. Publi- 
escelidiliahie’ cetate cation P102 describes in detail Analogue 

0; ~ 62 Controls Load-Compensated Potentiome- 
are available ters, including complete application in- 


formation. Write today! 








> 





talogue Controls, Ine. PROVIDES 5 MV PER G 


39 ROSELLE STREET. MINEOLA, N.Y 
P NEER 2-89 





The Model 2216 Accelerometer 
mounts completely within a @-in. 
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Can you use the talent that built 
1,500 Y-4 bombsights on schedule? 


These General Mills technicians are representative of the production talent that built more than 
1,500 Y-4 bombsights, 1,500 coordinate converters, 1,400 azimuth and sighting angle indicators 
and 1,400 amplifier and power supply units—and, delivered them to the Air Force on time. Here 
the men inspect a bombsight before it progresses to the next stage of production. 


Because we have the highly skilled Such performance has come to be ex 
men—and the men have the specialized pected of us and has benefited many 
tools and machines—we produce preci- other customers. We’d like to help 
sion piece parts or complete, complex with your production problems too. 
assemblies to meet the most exacting 
requirements. 

While building the Y-4 bombsight, Booklet Tells More, explains m« 

‘ ened » « | deste a led chanical and electro-mechanical 
we improved original design, exceedec aie production facilities. Send to 
USAF specifications. In addition, our Dept. CE-5, Mechanical Divi- 
. *}s4° sio reneral Mills 2 e 

thorough testing facilities assured de- sion, General Mills, 1620 Central 


, ‘ , Ave. N.E., Minneapolis, Minn. 
livery of only perfect instruments. = 


MECHANICAL DIVISION 


CREATIVE RESEARCH AND DEVELOPMENT ara PRECISION ENGINEERING AND PRODUCTION 





No slow-downs for the B-47— Bomb- 
sights ready in advance! During pro 
duction of the B-47 Stratojet, not 
i one was kept from the ready-lins 
for lack of a bombsight. The same 
developmental, engineering and pro 
duction skills that gave the Air Force 
on-time delivery are available to 
speed production of your products 


General 


@ 
Mills 





NO ONE FILTER MEETS ALL 
DESIGN NEEDS... 


> DISTINCT TYPES OF 
FILTER MEDIA 


¢ EDGE-TYPE # WIRE-WOUND ¢ SCREEN 
¢ FIBER CARTRIDGE 
¢ POROUS METAL 
consider 


-AUTO- KLEAN’ a 


where filter design calls for 


@ MICRONIC FILTRATION ... 


down to 40 microns 


@ POSITIVE, SELF-CLEANING 
ACTION ...no “down time” 
SMALL SIZE plus 
HIGH FLOW RATES. . 

12” unit shown here handles 
over 50 gpm 

LOW PRESSURE DROP. 

less than 3 psi 


Hi mrmmencenianstaneesariey: Fm 


All-metal construction, 
carbon or stainless steel. 
Two-stage filtration. Lowest cost-per-gallon. 


COMPLETE DESIGN-ENGINEERING SERVICE 


There is a Cuno Field Engineer conveniently located in 
your area. To help you solve your design problems, this 
trained specialist offers you more years of 

experience in removing more sizes of solids 

from more kinds of fluids. 


WRITE FOR DATA 


Send now for your free copy of 
Cuno Catalog No. SAK-057 con- 


taining complete engineering 
C data. See how this high-per- 
formance filter can help your 
designs achieve new efficiency. 


CUNO ENGINEERING CORPORATION 


2705 SOUTH VINE STREET, MERIDEN, CONN. 


Filtration Engineers in Principal Cities 
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hole. Accurate vibration measure 
ments to 10,000 cps can be made by 
mounting the unit within the device 
being tested, or mounting it on the 
surface. Slightly over 5/8 in. high, 


the new unit provides 5 mv per g 
sensitivity with a natural frequency 
of 50,000 cps. ‘Temperature charac 
teristics are flat plus or minus 10 per 
cent from minus 30 to plus 230 deg F. 
Adapters for surface mounting and a 
matching -in. tap for hole mounting 
are supplied with the unit.—Endevco 
Corp., Pasadena, Calif 
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ACCELEROMETERS 


I'wo new series of accurate linear ac 
celerometers are now available. The 
1100 Series features a standard voltage 
output of 24 or 10 volts with a 26 
volt, +00-cycle input. Null voltages are 
less than 10 mv for the 24-v output 
Ihe 12000 Series has a precision po 
tentiometer output with a resolution 
of 500. Linearity is better than 0.5 
percent and hysteresis less than 0.25 
percent. Thresholds lower than 0.001 
percent can be achieved.—Technology 
Instrument Corp., Acton, Mass. 
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LOW G METER 


Acceleration values down to 0.03 g 
can be accurately measured with this 
Model 2218 Accelerometer. <A Piez- 
ite I ceramic element assures a mini- 
mum sensitivity of 40 mv per g. A 
minimum natural frequency Of 20 
ke gives a response from 2 cps to over 
4,000 cps, with a linearity of plus or 
minus 5 percent. Response to high- 
level audio noise fields is virtually 
eliminated by clamped-crystal design 
and internal acoustic shielding. Unit 
weighs only 2 oz.—Endevco Corp., 
Pasadena, Calif. 


Circle No. 17 on reply card 
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Elongation test of sample heelpiece metal typifies quality control measures that leave nothing to chance at Automatic Electric. 


STANDARDS THAT DETERMINE RELAY QUALITY 


53 dimensional checks 
assure perfect alignment 


The heelpiece of a relay is the plat- 
form on which all other parts rest. 
To maintain accurate contact spac- 
ing and pressure, the heelpiece must 
never shift, never twist, never bend. 

We insure flatness and dimensional 
stability on both Class A and Class 
B relays, by planishing the heelpiece 
to relieve strains. In addition, we 
exercise unusual accuracy in the po- 
sitioning, drilling and tapping of the 


holes, in forming the 90° angle bend, 
and in the contour of the armature 
end of the heelpiece. 

On this single part, fifty-three spec- 
ified dimensions are maintained and 
checked—many of which must be 
accurate to less than 0.002”. Rigid 
tests and inspections safeguard the 
quality of the raw material itself—a 
very special sort of magnetic iron. 

Care like this in the manufacture 
of each component makes it clear 
why Automatic Electric relays are 
the most reliable that money can bv. 


AUTOMATIC @> ELECTRIC /— 
Orig s of the dial hone + Pioneers in (a) 
ginators of the dial telephone Pioneers in automatic control SYSTEM 


SORES EEE EE EHH 


CCHS ESHEETS EEE EEEE 


Class ‘‘B’’ Relay, for outstanding endurance 
and dependability. Write today for Bulletin 
537. Address: Automatic Electric Sales 
Corporation, Chicago 7. In Canada: 
Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 
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MINIATURE 
CONTROL 
COMPONENTS | 


..a@ WRIGHT (ome, 
specialty } 


SIZE 9 SERVO MOTOR 
TACHOMETER GENERATOR 


Diameter: 7/8 inch 

Input: 26V-400 cy. 

Speed: 9500 RPM 

Torque Rating: 0.25 oz.-inch 
Generator Output: .33 V/1000 RPM 











This two bearing motor-generator set illustrates 
Wright's exceptional capability for production of 
special small precision components and assem- 
blies. You are invited to consult us on your next 


requirements for . 


A.C. and D.C. Motors - Servo Tach Units 
Synchros In All Categories 
Gyro Motors - Tachometer Generators 


And Related Components and Assemblies 


oes MOTOR DIVISION = 96 >> os 


WRIGHT Skane 

COMPANY 

-_ 

ESTABLISHED 1893: DURHAM, N.C. we 
DIVISION OF SPERRY RAND CORPORATION 


RS 
ee 
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FOR WATER PURITY 


A new instrument, known a Sali 
nometer, has been designed for auto 
matically and consistently checking 
water purity in boilers at set intervals. 
Jt will flash a red warning light and 
sound an alarm if the amount of im 
purity becomes excessive. The instru 
ment, which operates on the principle 
that the electrical conductivity of water 
increases with the amount of salts or 
impurity present, supplies 1 low-tre 
quency alternating potential to two 
sampling”’ electrodes immersed in the 
boiler feed water. A green light indi 
cates the standard of purity is being 
maintained.—Cossor Instruments, Lon 
don, England. 


Circle No. 18 on reply card 


mf) 
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LIQUID-METAL LEVEI 


(he new liquid-metal level indicator 
ibove was developed as part of a liquid 
metals research program. Sensitive to 
1 1 mm change in height, the unit 
employs a balanced inductance bridge 
circuit, and can be adopted to different 
container-wall thicknesses by varying 
the oscillating-signal frequen Pres 
ent design limits the container to non 
nagnetic wall materials, such as 
austenitic stainless steel, but future 
modifications will permit the use of 
magnetic containers. The probe, made 
of heat-resistant material ul be 
shaped as needed.—Nuclear Develop- 
ment Corp. of Amer W hite 
Plains, N. Y. 
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RUGGED MIDGE' 


Designed to probe pres 
formerly inaccessib] 





4 . sh i slliineey vile steel 


® ti moisture resistance. 
@ Shock absorbing bumpers cushion 
stroke. 


J SERIES 


Your 
choice 
of 
mounts 


INDUSTRIAL SOLENOIDS 


Decco’s Series 50 offers more power—longer stroke with the same 


dependable quality and performance that has made Decco the top 


name in industrial solenoids. 


There is a Decco solenoid for every requirement. Built to give 


better service for a longer time. Solenoids engineered and modified Direct 


current 


to your requirements. Let us discuss your problems. sclensids 


For complete information write— 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 





Shake we 


BEFORE USING! 


for 


Vibration... with frequencies up to 500 cycles per second 
and up to 15 G’s...might prove to be a shattering experi- 


ence for some servo 


leet | 


GOOD REASONS WHY 
G-M SERVO MOTORS 
SERVE YOU BEST! 


G-M servo motors are avail- 
able in standard sizes. 


G-M servo motors can be 
modified to meet specific cir- 
cuit requirements. 


Creative engineering in de- 
signing special servo motors 
with special characteristics. 


Fast production—better 
service. 


\ 
j" 


information, or send 


for complete G-M ot 
charts and specifica- 


4340 N. Knox Avenue « Chicago 41 


tio 
of 


140 


ns. No obligation, 
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motors. But not for a G-M Servo! 


| This vibration test at G-M is only 
| one of a series of environmental tests 
| all G-M servo motors must success- 
fully pass—before they can be inte- 
grated into your control system. 
G-M precision-built servo motors 
conform to all military environmental 
specifications when so specified. They 
are designed to perform under the 
toughest humidity, salt spray, temper- 
ature. altitude and vibration conditions 
...and they come back for more! 


M Servo Motors 


manufactured by the Components Division of 


G-M LABORATORIES INC. 
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variable, resistance-tvpe pressure trans 
ducer adds less than 0.004 cu in. to 
the volume of the system under test. 
Its simple mounting makes it appli 
cable to many pressure indicating and 
control problems. It can be used with 
liquids and gases and has excellent 
temperature stability from minus 65 
to plus 250 deg F. Long exposure to 
severe pressure transients will not 
affect its calibration. Full-scale pres- 
sure ranges from 1,000 to 5,000 psi 
are available with full output signals 
greater than 0.1 volt. Nominal size, 
exclusive of the 8-32 hydraulic connec- 
tion, is 4 in. in diam by ? in. long. 

Standard Controls, Inc., Seattle, 
Wash. 
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GOLD-PLATED 


Filling the hermetically-sealed cases 
of these new potentiometer-type ac: 
celerometers provides absolute isola- 
tion from environmental pressure and 
humidity changes. The cases are 
gold-plated to prevent crystalline for- 
mations, which have an adverse effect 
on instrument performance. Balanced 
range models are available in ranges 
from plus oz minus | to 8 g’s, or up 
to plus or minus 30 g’s with reduced 
damping. Unbalanced range instru 
ments and special ultrasensitive ac- 
celerometers with ranges as low as 
0.1 g can also be supplied.—Genisco 
Inc., Los Angeles, Calif. 
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IDENTIFIES METALS 


Based on a design originating in the 
British Aluminum Co., a tiny, battery- 
powered electronic instrument identi- 
fies nonferrous metals and alloys by 
measuring electrical resistivity. Speci- 
mens can be distinguished provided 
their specific resistivities are between 
1.0 and 28.0 micro-ohms per cc. 











GH CAPACIT 
FILTER SECT 


DC SOLAVOLT, shown partly disas- 
sembled here, has major components 
identified. It is designed for relay-rack 
mounting on a standard, 19” frame or 
for bench use. Removable handles, for 
convenience when portability for bench 
use is desired, are available as accessory 
equipment. 


Unique combination of components in 
adjustable “DC Solavolt"” reguiated power supply 
reduces conventional size, weight, and cost 


Compact size, low weight, high efficiency, and mod- 
erate price distinguish the new “DC Solavolt” from 
conventionally-designed, regulated, adjustable dc power 
supplies. These outstanding advantages have been 
secured by using a unique assembly of components 
(shown above) that occupy only 7” of height and 121,” 
of depth on a standard, 19” relay rack frame. 

Along with design simplicity, the “DC Solavolt” pro- 
vides laboratory standards of performance: 

OUTPUT VOLTAGE REGULATED WITHIN =+1% at full 
load with supply voltage variations up to +15%. 
(Regulation within +1.5% at 50% load and lowest 


voltage setting.) 


SOLA oc rowan suvicies 


RIPPLE VOLTAGE HELD WITHIN 0.10% (rms) at full 
load and nominal input voltage. 

An important feature of this adjustable dc power 
supply is its ability to handle transient or “pulse” loads 
of up to twice the full load rating of the supply. The 
“DC Solavolt” has no tubes to replace, requires no 
“compensating” or “zero” adjustments, and needs no 
maintenance. 

Six stock models provide outputs adjustable in volt- 
age ranges between 5 and 400 volts and load currents 
up to 7 amperes. Your local electronic distributor now 
has the “DC Solavolt” in stock. He will be happy to 
give you further, technical information. 


.Write for Bulletin 26E-DC-245 
SOLA ELECTRIC CO. 

4633 W. 16th Street 

Chicago 50, Illinois 


CONSTANT VOLTAGE TRANSFORMERS © FLUORESCENT LIGHTING BALLASTS © MERCURY VAPOR LIGHTING TRANSFORMERS 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35: 103 E. 125th St., TRafalgor 6-6464 





PHILADELPHIA: Commercial Trust Bldg., Rittenhouse 6-4988 @© BOSTON: 272 Centre Street, Newton 58, Mass., Blgelow 4-3354 ® CLEVELAND 15: 
1836 Euclid Ave., PRospect 1-6400 @ KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELFS 23: 3138 E. Olympic Blvd., ANgelus 
9-9431 @ SOLA ELECTRIC (CANADA) LTD., TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 @ Representatives in Other Principol Cities 
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Minimum requirements are that the 
surface of the metal must be fairly 
smooth, and that the portion to 
which the probe is applied must have 
a minimum thickness of about 0.02 
in. and a minimum width of 0.75 in. 

The Solatron Electronic Group, 
Surrey, England. 
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CROSSBAR SCANNER 


This versatile, low-cost, self-contained 
crossbar scanner is capable of scan- 
ning 200 pcints sequentially in re- 
sponse to a contact closure. Provi- 
sions are made for start and stop 
scanning at predetermined points, 
for skipping groups of points, and for 
controlling external devices at each 
point (by contacts). Other features 
include low-contact resistance, low 
thermoelectric potentials, high leak- 
age resistance, and very good high 
frequency performance.—James Cun- 
ningham, Son & Co., Inc., Roches- 
ine. I. Ht. 
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TOTALIZING COUNTER 


A new dependable, direct-reading, 
high-speed electronic counter, de 
signed for industrial and special-put 
pose counting, will totalize any elec 
trical, mechanical, or optical event 
that can be converted to an electrical 
impulse. Specs include: models with 





Now there’s no need to weigh feature 
against feature when it comes to vacuum tube 
voltmeters — the new Du Mont 405 has everything! 


The 405 is the first VTVM to combine 100 millivolt 
full scale sensitivity, either AC or DC, with 

dual and differential inputs. Besides, it features 
DC performance from 2 millivolts to 1000 volts 
with 120 megohm input. It doesn’t stop there, for 
it also offers highly accurate AC performance 
from below 50 cps up into the UHF range. As an 
ohmmeter, the Type 405 is calibrated from 

0 to 500 megohms, in eight ranges. 


Another in the outstanding Du Mont 400 Series, 
the 405 is “human engineered” for ease and 
convenience of operation, reliability, and 
precision. Its rugged construction is backed by 
the exclusive Du Mont 5-year guarantee offered 
with all instruments of the 400 Series. 


Price 


® 
pu ONT Technical 


$265°° 


Slightly higher in 50-cycle areas. 


UbHE for. complete. Aetail. 


Te 


FEATURING 


e ACCURACY: 2%. 

eSCALE: Illuminated 4” mirror-backed scale for ac- 
curate readings. 

e STABILITY: Very low drift. Less than = 
on any range. 

e VERSATILITY: Designed for safe off-ground 
operation up to 1000 volts DC. 

eREGULATED: Regulated DC and filament supply. 

e AMPLIFIER OUTPUT: Amplifier output available with 
power gain over 60 db. 

*SIZE: Compact, weighs only 12 pounds. 

PROBE STORAGE: Built-in probe storage compartment. 


3 millivolts 


Sales Department, ALLEN B. DU MONT LABORATORIES, INC., Clifton, N. J. 
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The outstanding success of the Peerless 
engineering staff in the development of transformers 
to meet unique and difficult specifications has made 
Peerless transformers the first choice of engineers 
throughout the country. Custom production 
techniques and stringent quality control assure a 
dependable product. 


Consult Peerless for the best solution 
to your quality transformer requirements. 


PEERLESS... eu 


Electrical Products 


1515 S. Manchester Ave., Anaheim, Calif. + 161 Sixth Avenue, New York 13, N.Y. 
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from 1 to 4 decades; count capacities 
from 999,999 to 999,999,999: counts 
per sec ranging from 0-150 to 
0-100,000; and input requirements of 
0.05 volt rms.—Computer-Measure 
ments Corp., North Hollywood, Calif. 
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FIBER-GLASS CASES 


Plastic-impregnated fiber-glass_ cases 
are being used to house a new line of 
low-cost instruments for indicating, 
transmitting, and controlling pressure 
and temperature. The fibre-glass case 
makes this line particularly suitable 
for use outdoors or in 
mospheres. Color of the case 
just a surface finish, but extends 
throughout the material. ‘lempera 
ture range of the new series is from 
minus 400 to plus 1,000 deg F. Pres- 
sure range is from 30 in. Hg vacuum 
to 5,000 psi. As pneumatic receivers, 
the instruments can accommodate 3 
to 15, 3 to 18, or 3 to 27 psi signals. 

Fischer & Porter Co., Hatboro, Pa. 
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DC CONTACTOR 


Designed for continuous duty, this 
high-speed de contactor has a pickup 
time of approximately 1/10 cycle. It 
is said to be well-suited for applica 
tions where speed, reliability, and long 
operating life are important. Units 
are available with either four normally 
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has exactly | 
the resistor you need 


Ohmite offers the most complete line of wire-wound re- 
sistors on the market .. . fixed, adjustable, tapped, non-in- 
ductive, and precision resistors in many sizes, types of 
terminals ... in a wide range of wattages and resistances. 





Industry’s most complete line of wire-wound resistors! 


The extensive range of Ohmite types and diameter by ;” long—to meet your exact re- 
sizes makes possible an almost endless variety quirements. MANY SIZES ARE CARRIED IN 
of Ohmite resistors to meet each individual need. STOCK. These rugged resistors have proved 
Ohmite offers resistors in more than 60 sizes— _ their quality under the toughest operating con- 
ranging from 214” diameter by 20” long to 4” ditions. Ohmite application engineers will be 
White on company letteshoud fer pleased to help you in selecting the right re- 
Catalog and Engineering Manual No. 40. sistors for your job. 


OHMITE MANUFACTURING COMPANY, 3674 Howard Street, Skokie, Illinois (Suburb of Chicago) 
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open contacts, four normally closed 
ret contacts, or two normally open and 
ast two normally closed contacts. Con- 
tacts have a sustained current rating 
of 5 amps; their making current is 
given as 20 amps. ‘There was no 
noticeable wear after a test of more 
than 2 million operations. Mounted 
as shown above, the unit measures 
54 by 34 by 44 in., including the 
transparent plastic cover.—Brown Bo- 


veri Corp., New York, N. Y. 
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MOTOR CONTROLLER 


This new electronic controller is said 
to provide accurate acceleration and 
speed control of shunt wound dc 
motors from 1/50th to 3th hp. The 
acceleration control starts the motor 
at any speed from 1 to 2,200 rpm, 
either immediately or gradually over a 
30-sec interval. The fine-speed adjust- 
ment works in conjunction with the 
coarse speed control. Motor speed 
may be accurately and steplessly varied 
by as little as 220 rpm with 270 deg 
of speed pot turning. A C3) thyra- 
tron automatically increases voltage to 
compensate for additional loading of 
the motor armature—Gerald K. Heller 
Co., Las Vegas, Nev. 
ELECTRONS, INCORPORATED 


127 SUSSEX AVENUE 
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NEWARK 3, N. J. 
Jaths, Model 1000, Monarch 


proven DRAFT CONTROLS 
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A new line of automatic draft controls 
is now on the market. A Draft Pro- 
gram Control, in conjunction with a 


For control off thin nour 202 
Apeciffies 
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Unretouched photomicrographs 


1952 Germanium crystals average many of 1954 Processing improvements are bringing dis- 195 7 Mechanized growing of CBS single crystals 
these triangular “dislocations” or imperfections, locations under better control, but density can be has uniformly minimized 


Jislocations. Density is 
here magnified 200 diameters. further reduced. that of purest diamonds 


How more-perfect crystals improve transistor performance 


BETA Note the higher Beta or current gain (other factors being equal ) derived 
from today's perfected CBS germanium crystals. Beta is used as just one concrete 
example of many important performance factors improved by CBS-Hytron's better 
crystal processing methods. 


How does CBS grow uniformly dislocation-free crystals with uni- 
form resistivity? By precise checking of the “‘seed’’ for orientation 
and dislocation density. By growing the single crystal in smoothly 
operating, shock-proof mechanized furnaces. By automatic tempera- 
ture control and a uniform temperature gradient throughout the 
growing period. Research and development advances like these are 
constantly at work to make CBS transistors better. 


CURRENT GAIN (8) 


And you can see the difference in quality that is built not tested into 

aeie ta DURRANT ted CBS transistors: In crystal photomicrographs. In Beta and other 
figures of merit. And in actual performance. Try CBS transistors 
and see for yourself, 


semiconductors 


Reliable products through Advanced - Engineering CBS-HYTRON 
P Semiconductor Operations, Lowell, Mass. 


A Division of Columbia Broadcasting System, Inc. 
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These BSEB 


Rupture Discs Can Give 
Your Pressured System... 


THE “CIRCUIT BREAKER” 
of Pressured Systems 
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Positive Pressure Protection From 3 To 50,000 PSI 


Installing a BS&B Rupture Disc on a pres- 
sured system provides protective insurance 
against a major disaster. Thousands of BS&B 
Safety Heads, each containing a BS&B Rup- 
ture Disc custom made to meet the individual 
requirements of the system it protects, are 
now guarding pressured systems in all types 
of industries. 


Fully accepted by most local and national 
codes for use as either primary or secondary 
pressure relieving devices, BS&B Rupture 
Discs can be your positive and final measure 
of protection for the unexpected emergency. 


Why not talk it over with your 
BS&B Representative... 

or write for further 
information to... 


SLACK, 
SIVALLS & 
SRYSON, INC. 


Safety Head Division, Dept. 2-ES5. 
7500 East 12th Street 
Kansas City 26, Missouri 


ENGINEERING 


| NEW PRODUCTS 


Modulating Damper Actuator, main 
tains a correct draft for all firing con- 
ditions, and assures safe starting by 
opening the uptake damper prior to 
burner ignition. Companion instru- 
ments include a flue-gas-temperature 
indicator, a draft gage, and a steam- 
pressure controller/indicator. The lat- 
ter will control fuel rate to the burner 
in response to steam pressure charges. 
Units feature cast-aluminum cases for 
either flush or surface mounting.—Gen- 
eral Controls Co., Glendale, Calif. 
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CYCLING TIMER 


This new timer, ‘l'ype 571, is a 
cycling device that operates continu- 
ously as long as power is supplied to 
its high-torque motor. Contacts are 
rated for 30 amp resistive loads at 
115 vac, and speeds of 1 rpm to 1 
revolution in eight days are available. 
Time program is cut into factory-set 
cams, which are securely positioned 
on a square shaft. Overall dimensions 
are approximately 23 in. sq by 23 in. 
deep, including motor. Switches are 
open blade, either SPST or SPDT.— 
Cramer Controls Corp., Centerbrook. 
Conn. 
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INTERVAL TIMER 


Another timer by Cramer Controls 
has a molded bakelite case that houses 
one or two SPDT or SPST open-blade 
switches rated at 30 amps, 115 vac 
resistive and 1/3 hp at 115 vac. Its 
permanent magnet synchronous motor 
drives precision-cut cams which actu- 























By replacing dual diode vacuum tubes with 
MICROSTAK Selenium Dual Diodes, you can 
now save space and money in many low current 
applications calling for high back resistance and 


low forward resistance. These IRC components not 
only eliminate all the added bulk, sockets, and 
assembly connected with tubes, but are also eco- 
nomical to buy and use. 


MICROSTAK Selenium Dual Diodes cover a 
microampere to milliampere current range at volt- 
ages as high as several thousand volts. Furthermore, 
they are available in molded plastic, hermetically : 
sealed glass, and other enclosures. As a result, Available in single or multiple cell types 
MICROSTAK Selenium Diodes deliver the per- Supplied to much closer limits than ordinary 
formance you want in power supplies, voltage : diodes 

regulators, balanced modulators, arc suppression, 
meter overload protection, logarithmic converters, 
magnetic amplifiers, and many other applications. 


Expertly designed to individual customer re- 
quirements 


Improved stability over wide temperature range 


INTERNATIONAL RESISTANCE CO. 
Dept. 183, 401 N. Broad St., Phila. 8, Pa. 
In Canada: International Resistance Co., Lid., Toronto, Licensee 


Send bulletins on Selenium Diodes [_] Varistors [_] 


NAME 





COMPANY 





ADDRESS 





CITY 
































150 


telephone 





Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. 
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IN NORTH 
“Mm” TYPE 
RELAY! 


Note the “U” shape of the lever 
springs. From the pile-up, the 


lever spring extends the full 
length of the coil, then doubles 
back an equal distance to the 
fixed contact points. 


Stability of operating characteristics, with which relay depend- 
ability is achieved, can be maximized by a configuration which puts 
the fixed contact springs as close as possible to the clamping axis 
of the pile-up and yet escapes the penalty of the greatly fore- 
shortened lever spring common in miniaturized relays. 


In the North “M” Relay, both requirements have been met. 


The fixed contact springs are lateral extensions from the anchoring 
pile-up, minimizing any possibility of post-adjustment variation. 


The unique “U” design of the lever springs in North’s ““M” Relay 
enables it to meet critical space requirements while retaining lever 
spring length to achieve telephone dependability. 


The armature in North’s “M” type relay operates on a knife 
hinge—never needs lubrication, and the small amount of armature 
travel provides fast operation. 


Lightweight operating parts keep contact bounce at an absolute 
minimum. 


North’s ““M” type relay can be furnished with 6, 12, 24, 48, or 100 
Volt coils; 1, 2, or 4 DPDT standard spring arrangements; with 
double gold or single silver contacts; with dust cover and octal 
mounting plug. 

North’s ““M” type relay is available from stock. 


Length 1-13/16”", Height 1-1/4”, Width 25/32”, Weight 1.8 oz. 


INDUSTRIAL DIVISION 


745 SOUTH MARKET STREET * GALION, OHIO 
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ate the switches at full-scale intervals 
lasting from 45 sec to 6 days. Ranges 
shorter than 45 sec are available with 
lower contact ratings.—Cramer Con 
trols Corp.., Centerbrook, Conn. 
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VERSATILE LIMIT SWITCHES 
This new precision limit switch fea 
tures rugged construction and versa 
tility. Its versatility comes from inter- 
changeable components. ‘Three acta 
tors and three housings permit the 
switch to be arranged in 16 different 
ways. Actuators include a plunger, 
roller arm, and roller plunger types. 
Die-cast aluminum housings provide a 


strong enclosure, adequate wiring 
space, and an internal tap conduit 
hub.—Licon Div., [Illinois Tool 


Works, Chicago, Ill. 
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TIME 


0-TO-30-SEC DELAY 


Now in production, a new solenoid 
operated time-delay air valve provides 
a time delay between the release of 
the electrical impulse on the solenoid 
and the return of the cylinder to its 
original position. Delay time is ad- 
just: ible between 0 and 30 sec, with a 
repetition accuracy of plus or minus 
10 per cent. No special switching is 


needed. Port sizes range from } to 1 
in.—Beckett-Harcum Co., Wilming 
ton, O. 
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PHILCO 60V au 80V Power Transistors 


Designed for servo, control, power converter 
and power supply applications. 


Here are extremely reliable, moderately priced, high voltage power 
transistors—immediately available in production quantities. These 
transistors perform with a typical thermal drop of only 1%°C per 
watt... with storage temperature of 100°C. They have high beta 
at high currents . . . improved alpha cut-off . . . low surface leakage 
currents . . . low saturation resistance . . . low distortion. Both 
transistors operate at power load of 12.5 watts. The unique Anee-action 
between the aluminum mounting clamp and the copper mount 
assures maximum dissipator contact at all times. 


Philco cold-welding process permits hermetic 












sealing in controlled atmosphere...assuring 
exceptional transistor life and performance! 
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Philco transistors, after vacuum baking, emerge into a controlled atmosphere 
... Where they are welded to insure perfect sealing for life. This process 
eliminates contamination of the transistor elements by moisture or atmosphere. 
Uniformity and quality control are strictly maintained throughout. 


Write for complete data and prices. Make Philco your prime source of information for power transistor applications ! 


LANSDALE TUBE COMPANY DIVISION 


LANSDALE, PENNSYLVANIA 


PNEUTRONIC Level Control Provides 
Proportioning Action at Low Cost 
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The new Fielden Pneutronic Level Control proportions flow and 
maintains level simply by combining an electronic “‘dip stick’’ with 
a proportioning pneutronic control. This dip stick has no moving 
parts, yet actually ‘senses’ change in level and integrates the 
electronic and pneutronic units into a simple, dependable null- 
balance system. 


Electronically, the PNEUTRONIC Level Control features the 
versatile electrical capacitance method of measurement. As a result, 
it can detect minute changes in the level of any liquid, powder, or 
granular solid—conducting or non-conducting. The resulting change 
in capacitance changes output air pressure directly, and this output 
air then feeds back to balance the electronic circuit directly. 


@ Controls water level 
up to 12" span, 


@ Null-Balance System @ Control gees 3 
FEATURES e — one vacuum to 15 psi 
hydrocarbons up to 8" 


@ No moving parts in vessel 


SIMPLIFY RECORDING AND CONTROL WITH 4 cedelese 


Through interchangeable input conversion units and re- 
balance elements, the same basic Fielden Null-Balance 
Recorder can record temperature or any other process 
variable. Other assemblies can be added for recording 
up to 96 points on one circular chart, for electric control, 
or pneumatic proportional control. Fielden also supplies 
other recorders, blind on-off controllers, manual monitors, 
automatic scanners, and a full line of sensing elements, 
supplies and accessories. 


Send for 
Literature 








| lengthwise in time 
| 13 channels. 


| signals can be 


A new series of heavy-duty, 
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_ PROGRAMMER 


Though small in size and light in 
weight, this new programmer pro- 
vides up to 13 channels for any type 
of electrical programming, either of a 
repeat cycling or of a random nature. 
Designed for missile and aircraft ap- 
plications, the device has an accuracy 
in the order of one part in 50,000. 
Close manufacturing tolerances and a 
high-strength magnesium casting as 
sure resistance to shock and vibrations 
without imposing a high weight pen 
alty. In operation, an insulating tape 
similar to 35-mm photographic film 
advances at a precise speed between 
13 contactors. The tape is marked 
and divided into 
By punching holes or 
slots in the control tape, allowing 
the contactors to close for different 
periods of time, up to 13 control 
generated.—Photo- 
graphic Products Inc., Anaheim, Calif 
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POWER SUPPLIES 


REGULATED POWER 


high-cur- 


\ \\ e 
Le CONTROLS COMPANY 
W. Contrets 


FIELDEN INSTRUMENT DIVISION 


rent, regulated-de power supplies con 
tains 84 models in 1-, 2-, and 3-amp 
current ranges. The 2- and 3-amp 
models feature forced air cooling to 


Dept. S, 2920 N. 4th St., Philadelphia 33, Pa. 
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Industry's Highest Power Transistor 


Eliminate arcing at switch points. Stop switch deterioration 
while increasing the efficiency and reliability of all electronic 
control equipment! 


A single Delco 2N174 transistor can switch regardless of age, are currently being produced 
1 kw with one watt of control power. by the thousands every day. Write for 


" ae °F ‘ engineering data. 
Because transistor switching eliminates arcing, 8 8 


switch life is longer and more reliable. age re 
7 oe Power Switching Characteristics 


Switching Power 1000 watts 


Current in “on” 
position 13 amperes 


Input Control Power | 1 watt 
Power Gain 


This switching performance is possible because 
of the excellent electrical characteristics of the 
2N174; in particular, the high collector break- 
down voltage, extremely high maximum col- 
lector current, and very low input impedance. 


You may employ Delco 2N174 high-power Dissipation in “on” 

transistors with confidence in their reliability position 8 watts 
and uniformity. These transistors, normalized 
to retain better performance characteristics 


DELCO RADIO “SE 


Switching time 60 microseconds 








4 “BANTAM” 500 SERIES 

Throttling “Bantam” Diaphragm Control 
Valves for all standard control valve uses, 
Cv of 0.6 and below, up to 1000 psi and 
500°F, characterized, renewable trim, 316 
stainless steel and teflon only wetted sur- 
faces, low in hysteresis, size and weight, 
a modern design of control valve. 2000 
series ‘Bantam’ Control Valves available 
for on-off service. 


ran 


TUBE AND PIPE CONNECTORS) (ae 
For use in such systems as aircraft P 
or marine applications where ' : 
weight is a factor, these connec- . 


tors replace standard flanges. 
Available in various materials, in 
male or female socket or butt 
weld design, for tubing, and up 
to schedule 40 pipe. 


4 “DEMI"” PACKLESS VALVES 
For services when packing is a problem, mani- 
folding of small valves in one unit, these low 
cost valves have a great popularity. For services 
up to 1500 psi and 500°F., screw, toggle, or 
diaphragm operated, the “Demi” line is ideal 


for panel mounting up to five valves in one 
block. 


WHIFFLETREE OPERATOR » 
Two valves operated simultaneously by 
one operator. Valves may be globe or 
three-way and have a multitude of 
piping arrangements for mixing and 
routing applications. 


4 MANUAL RESET 
Wherever control air on dangerous or toxic 
process flows must be blocked for safety, 
on air failure until manually reset, these 
valves insure against disaster. Standard 
sizes 4" and 4” LPS. 


SAUNDERS VALVES — AIR OPERATED » 
Plastic valves, 2° and below, metal valves 1” 
and below, G. W. Dahl Company, Inc. dia- 
phragm operators on these valves provide 
simple, sure automatic operation. Each ap- 
plication must submit full flow information. 


Write us for complete technical information, or the address 
of our representative in your area. 
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reduce drift and assure longer life. 
Voltages begin at 25 to 75 volts and 
rise in 50-volt steps to a range of 350 
to 400 volts. Regulation is within 0.5 
percent on standard models, within 
0.1 percent on precision models. Elec- 
tronically regulated, these units have 
fast transient response and low ripple. 
—Universal Electronics, Santa Monica, 
Calif. 
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ELEMENTS 


AIR CYLINDER 


Designed for long life under severe 
conditions, these air cylinders feature 
a capsule-type, alloy-steel gland, and 
cadmium-plated heads, clevises, and 
pistons. Operating pressures are 150 
psi air and 500 psi hydraulic.—Dens- 
more Engineering Co., Inc., Comp- 


ton, Calif. 
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ROLLER GEAR DRIVES 


Illustrated is a_ six-stop indexing 
mechanism, one of a brand new series. 
Rated at 2,000 indexes per min, these 
units are especially designed for pack- 
aging, photographic, and instrumenta- 
tion. They feature a_precision-cut, 
hardened-tool steel cam with a tapered 
rib and a hub with standard bearing 





New standard 
in pressure measurem 


Consolidated’s 
ELECTROMANO 


SPEED AND VERSATILITY — Now you can get high- 
accuracy pressure measurements where readings 
with mercury manometers are impractical. Com- 
pact, portable, and ruggedly built, the Consolidated 
Electromanometer is easy to operate and particu- 
larly useful where a large number of pressure meas- 
urements are required in a limited period of time... 


HIGHEST ACCURACY — Operator error is practically 
eliminated with a large visual digital readout (reg- 
istering +1000 counts full-scale). An electrical 
analog output is provided for recording or control 
purposes (+10 volts d-c full scale). Linearity and 
hysteresis errors on the analog output are less than 
0.05% of full scale. 


write for Bulletin CEC 1547-X31, or contact your 
nearby CEC field office for complete specifications. 


MULTI-CHANNEL ADAPTER, fundamentally a switching 
Designed for absolute, differential, and gage pressure measure- device, permits the use of up to six different Pressure Head 
ments, CEC’s Electromanometer is an electronic null-balance assemblies with a single Servo Amplifier. The Adapter 
servo-type system consisting of a Pressure Balance and Servo contains all necessary calibrating and balancing controls, 
Amplifier assembly with a rapid response time. and becomes the base for the Servo Amplifier 


Consolidated Electrodynamics 


icec} 300 North Sierra Madre Villa, Pasadena, California 


NATIONWIDE COMPANY-OWNED SALES & SERVICE OFFICES 
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VECTOR Cables 

helped 

get this. 
 recket. 
off the 


. 
. 


In the overall picture of a rocket launching, a cable 
may appear to be a rather small detail, but as every design 
engineer knows, the success of the project depends on the 
inter-connecting cable system . and here’s where the 
value of Vector’s engineering staff and modern manufac- 
turing facilities have been established. 

Vector has been serving the electronics industry for 
more than ten years with custom-designed cable 
assemblies that range from only a few feet in length to 
more than a mile, and with up to 130 concentrically laid 
conductors. Today, more than 41,000,000 feet of Vector 
cable are in use under the severest conditions imaginable. 
They are sheathed in continuously extruded rubber, neo- 
prene, or thermoplastic jackets which enable them to with- 
stand extreme temperatures, constant handling and flexing, 
and even towing stresses. 

Contact one of our representatives today. Whatever 
you're designing . if there’s an interconnecting cable 
problem involved, Vector will supply a custom-designed 
cable system guaranteed to meet your requirements. 


MANUFACTURING COMPANY 


5616 LAWNDALE AVE. © HOUSTON 23, TEXAS 
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NEW PRODUCTS 


followers. As the cam _ rotates, a 
curved portion of the rib indexes the 
hub and output shaft. When the fol- 
lowers reach a straight section of the 
rib, dwell occurs and the hub is locked 
with a precision of 0.001 in. and zero 
backlash. A modified trapezoid accel- 
eration characteristic assures smooth, 
vibration-free indexing.—The Fergu- 
son Machine Corp., St. Louis, Mo. 
Circle No. 36 on reply card 


ELECTRIC CONTROLLER 


Designed for mounting directly on 
the valve stem, this new all-electric 
rotary-valve controller provides remote 
or automatic valve operation with 
proportional or on-off action. ‘The 
Valvetrol is a self-contained gearmotor 
with hollow output shaft to receive 
the valve stem. Stem diameters from 
1 to 1 in. can be accommodated. A 
built-in potentiometer providing re- 
mote indication of valve position can 
also be used as part of a balanced- 
bridge control. Standard accuracy is 
within 1/5 of 1 percent, but accura- 
cies to within plus or minus 1/25 of 
1 percent are also possible. Selective 
gear ratios adapt the unit to valves 
having anywhere from 1/6 to 40 turns 
to full open.—The Jordon Co., Inc., 
Milwaukee, Wis. 

Circle No. 37 on reply card 


FRACTIONAL HP 


A new line of lightweight, fractional 
hp dc motors operates on 26 volts, 











THOUSANDS IN 














USE 
IN LEADING 
COMPANIES 


When you specify Conoflow Air Operated 
Saunders Valves your confidence is affirmed by 
thousands of successful installations. Many Conoflow 
Saunders Valves have been in constant, 24-hour-a- 
day service, year in, year out, requiring little or 
no maintenance. 


When you specify Conoflow Close-Coupled 
Saunders Valves you know that you are getting 
the benefit of more years of experience in this line 
than any other valve manufacturer can offer. This 
extra engineering “know-how” enables Conoflow 
to provide: 


¢ Valves in all sizes for both on-off and 
throttling control—with many original 
and time-proved optional features. 


¢ Wholly integrated design—complete 
valve assembly made at the Conoflow 
factory by experienced men. 


¢ Highest quality construction materials 
—the right material for the right job. 


¢ Positive performance—every unit com- 
pletely tested for dripless shut-off and 
peak operating efficiency before 
shipment. 


When you specify Conoflow Saunders Valves you 
ore certain that you are getting the best Saunders 
valve available . . . and at a competitive price. 


WRITE FOR NEW BULLETIN HB-6 DESCRIBING 
THE COMPLETE LINE OF CONOFLOW SAUNDERS 
VALVES. IT WILL BE MAILED PROMPTLY. 








Co Oa? CONOFLOW CORPORATION 


2100 ARCH STREET, PHILADELPHIA 3, PA. 





FOREMOST IN FINAL CONTROL ELEMENTS 
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Yes, in less than one square inch, 
about the area of an ordinary postage 
stamp, the output of the Parker 3 D 
cam can be expressed as a dependent 
variable . .. the resultant of two known 
independent variables which can — 
precision functions in split seconds! 


z = f (xy) 
where z is the output of the 3 D cam; 
x and y are the two known variables. 


These functions transferred through a fol- 
lower assembly can activate: 


AIRCRAFT—Jet Fuel Injection, Missile 
Control, Navigational Control, etc. 

MACHINE TOOL—Automation Functions 
Repetitive Production, Feed Back Func- 
tions, etc. 


COMMERCIAL—Pre-computed Functions 


Stored Information, Mental-* 


Mechanical Functions, etc. 


Send today for FACT FILLED bro- 
chure—“3 Dimensional Cams.’ See 
how Science SAVES SPACE, produces 
MECHANICAL SOLUTIONS IN 
SECONDS! 


PAR KER- 


HARTFORD CORPORATION 
CAM DIVISION 


FRANKLIN AVENUE e 
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NEW PRODUCTS | 


ranges from 1/20 to 4 hp, and fea 
tures electromechanical brakes, in- 
tegral radio noise filters, and a new 
brush-rig construction. Weights range 
from 15 to 22.5 oz.—Lundy Mfg. 
Corp., Long Island City, N. Y. 


Circle No. 38 on reply card 


FOR AIR CONTROL 


These new Nopakmatic poppet-type 
air-control valves automatically select 
pilot-air-pressure supply from an in 
let port without reassembly of parts. 
Pilot heads are completely inter 
changeable, as are many other parts, 
thus minimizing valve and parts in 
ventory. Valves are available for pres 
sures to 150 psi, for 2-, 3-, and 4-way 
operation, and with ports to accom- 
modate 4-in. to 3-in. pipe.—Galland 
Henning Nopak Div., Milwaukee, 
Wis. 


Circle No. 39 on reply card 


DIGITAL DEVICES 
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FOR RAPID ACCESS 


A digital timing generator and mag 
netic tape search unit now provide 
high-speed access to selected data in 
Ampex recorders and similar multi 
channel magnetic tape instrumenta- 
tion systems. The generator puts out 
numerically coded timing 
which are recorded on 


signals, 


the tape 





powered 
by rocket 


® 
“ 


directed by 


~ the @ohiever | 


X MINUS 5&...4...3.4+2.4e21...LAUNCH! HEADED FOR 
ITS TARGET WITH PINPOINT ACCURACY, THANKS TO AC! 


As the fire control officer calls off the seconds before touching the button 
sending another missile on its way, a new and remarkable device stands 
ready to take over. 

The ACHIEVER—new ‘inertial guidance system built by AC—brings fan- 
tastic new accuracy to the ballistic missile field. The “brain” of this wonderful 
new device is a new-type gyro stabilization of almost unbelievable precision 

. SO precise, in fact, that thousands of miles of guided flight can be achieved 
with uncanny accuracy. 

The Achiever is a phase of AC’s work as a prime contractor on guidance 
in the Air Force Ballistic Missile Program. 


THE ELECTRONICS DIVISION OF GENERAL MOTORS 
FLINT, MICHIGAN e MILWAUKEE, WISCONSIN 


MAY 1957 


199 





ELGIN’S 
NEW 


Sty > Ray 


Elgin's new MV rates superior to other 
high performance relays, yet is less 
than an inch long and weighs less than 
half an ounce. It meets military speci- 
fications and is designed for contin- 
uous use in the —65°C to 125°C tem- 
perature range. The MV has a life 


rating of 100,000 operations minimum 
at rated load. This new relay is in pro- 
duction now and prompt delivery is 
assured. For computers, control sys- 
tems and every installation that re- 
quires dependable performance AND 
miniature size .. . specify MV. 


SPECIFICATIONS 








VIBRATION ....- 


SHOCK ... 
LIFE .... 


CONTACT ARRANGEMENT 
CONTACT RATING .... 
CONTACT MATERIAL .. 
CONTACT RESISTANCE 
a 
| Max. 
797 Max,.—— 


(O29. O x 39 
© ©e9 “ax DIELECTRIC STRENGTH ,.. 


INSULATION RESISTANCE . 


10 to 80 cycles per second at moximum 
excursions of .06''—80 to 2000 CPS 
20G‘s acceleration 

++ +50G for 11 milliseconds 
+ 100,000 operations minimum at rated 
current 
—65°C to 125°C 
Continuous 
Nominal 1.2 watts at ambient temperature 
DPDT (2 Form C) 
2 amps resistive at 32VDC or 115VAC 

+ « Silver-Magnesium-Nickel Alloy 


+5 milliseconds maximum at nominal power 
«+5 milliseconds maximum 
- Voltage breakdown of relay is 1000 Volt 
AC to 40,000 ft.—550 Volts AC to 
70,000 ft. 
see++-1000 volts RMS 
100 megohms minimum at 125°C 
30, 120, 600, 1000, 2500, 5000, 10000 
ohms, others available 
+ 875 high x .797 wide x .359 thick max, 
+ -0.45 ounces (max.) 
Bracket, side studs, top studs 
Plug-in, solder-hook, 3-inch leads 








ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 
107 National Street, Elgin, Illinois 
2435 N. Naomi Street, Burbank, California 
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throughout the recording periods to 
provide a precise digital index in terms 
of elapsed time. ‘The search unit oper- 
ates during data-reduction periods, and 
automatically locates and selects for 
controlled feedback the tape data 
included between preselected time 
signals—Hycon Eastern, Inc., Cam- 
bridge, Mass. 


Circle No. 40 on reply card 


FOR DIGITAL STORAGE 


Here is a novel lumped-constant elec 
tromagnetic network specifically de- 
veloped and designed for digital stor- 
age. Using only 1.2 elements per 
bit, it provides highly-stable charac- 
teristics without extreme tolerances 
on the individual elements. Her- 
metically sealed units can be supplied 
for any capacity up to 30 bits at digit 
rates up to 5 megacycles, and for 
operation at temperatures from minus 
20 deg C to 70 deg C.—Ferranti Elec 
tric, Inc., New York, N. Y 


Circle No. 44 on reply card 


TAPE HANDLER 


Model 3219 Magnetic ‘Tape Multiple 
Bin Handler will store over 160 mil- 
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Sensitive, 


Rugged, 


the ElectronikK Null Indicator 


has easy readability 








COMPARE THESE 
SPECIFICATIONS 


Period—less than '4 second 

Current Sensitivity—.001 microamp /mm. 
Voltage Sensitivity—1 microvolt /mm. 
Input Impedance—1000 ohms at max. 
sensitivity 

Overload Rating—1 volt at max. 
sensitivity 

Stability—less than 1 mm. zero shift /hour 
Damping—critically damped; inde- 
pendent of external resistance 
Terminals—input and ground; for 
spade, pin or banana plugs 

Power—115 volts, 60 cycles 

Scale Markings— 
= ro be in a | over 2% ” radius 
Dimensions—17°%%”" long x 5% ” wide 
x 7% * high 

Weight—15 lbs. 








ce completely electronic instrument has a big, clearly legible 
scale that reduces the chance of error. There’s no need to shade 
the dial—it’s easy to read in any light. And a handy leather grip 
makes it easy to carry from job to job. 

It’s sensitive enough for all electrical bridge measurements. And it’s 
rugged enough for production line work. It’s fast, simple, compact. 
It withstands vibration and shock . . . needs no special mounting, 
no leveling. 

Heavy overloads won’t damage it. There’s no “‘loss of spot’? when 
excessive signal is applied; you always know which direction to go 
for bridge correction. 

The modern successor to the galvanometer, the ElectroniK Null 
Indicator is available for immediate delivery. The price is $175.00, 
f.o.b. Philadelphia. Order today—and put new convenience in your 
own test work! 

MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 


Wayne and Windrim Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


@ REFERENCE DATA: Write for Data Sheet 10.0-12. 
H MINNEAPOLIS ll 
BROWN INSTRUMENTS 


Tit we Covtioly. 
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OF AMERICA 


PERFECTLY 
EVERYTIME 


Servotherm® Pyrometer Systems Re- 
motely Control Temperatures to +1% 
and Respond Within 250 Milliseconds 


In die casting and molding processes, Servotherm Pyrometer Systems 
remotely measure and control such factors as: temperature of dies and 
molds, temperature of castings, and surface temperature of the melt. 
Accurate control of these factors is vital in obtaining better castings 
while drastically reducing rejects. 


Control of critical temperatures must be achieved, in most primary 
metal processes, without direct contact. Remote detection, plus fast 
response, accurate sensitivity, portability, and the opportunity for 
continuous recording make Servotherm Pyrometer Systems ideal for 
these typical process applications: 


steel tube moving through annealer 

rod and tubing being drawn or rolled 

steel strap in continuous processing furnace 
steel hardening process 

determining melt temperature of alloys 


Servotherm Pyrometer Systems solve production problems wherever 
. temperature measurement and control is critical. Here are some of 
the industries using Servotherm Systems to solve their production 
problems. 


Fabricated Metals Textile 

Ceramics and Glass Paper and Printing 

Plastics Lighting and Power 

Machinery Rubber and Petroleum Products 


For more information on Servotherm Pyrometer Systems, use your 
company letterhead to request TDS-IRPSA. 


If you have a temperature measurement or control problem, our 
Infrared Applications Engineering Staff is always available to consult 
with you. 
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lion bits and can be used for sequen- 
tial sorting or as a random-access 
memory of high capacity. It consists 
of 10 separate bins, each with a stor- 
age capacity of over 8 million bits (a 
bin normally contains 500 ft of 1-in. 
tape for 14-channel recording with 
200-ppi density). Each bin has its 
own record-playback head, which may 
be relay-switched to a common. out- 
put. Using the digit-by-digit method 
with a simple counter and matrix, 
decimal sorting rates up to 100 in- 
formation blocks per sec are achieved. 
—Potter Instrument Co., Inc., Great 


Neck, N. Y. 
Circle No. 42 on reply card 


COMPONENT 
PARTS 


AC MOTOR GENERATOR 


A size-10 ac motor generator, recently 
put into production, features mini- 
mum length and weight, and a cast 
rotor construction. The unit is well 
suited for error rate damping in servo 
systems. Motor characteristics include 
a main-phase voltage of 26 volts, 400 
cps, a control-phase voltage of 0 to 
26 volts, a no-load speed of 7,000 rpm, 
and a stall torque of 0.33 oz-in. Gen- 
erator has a main-phase voltage of 10 
volts, 400 cps, an output of 0.16 volts 
per 1,000 rpm, and requires 0.2 watt 
input power.—Clifton Precision Prod- 
ucts Co., Inc. 


Circle No. 43 on reply card 





> ACCURATE ili SPEED SWITCHING. 


This new Electro Tec Precision 

Selector Switch is ideal where 

miniature size, low friction torque, 

ELECTRO TEC high accuracy, and low electrical 
’ aaa ‘ “ “ noise at high speeds are 
requirements. Simplified circuits 

and long service life recommend 

it for a wide variety of uses 

including sampling, pulse 

generation for precision 

measurement, telemetering and 

strain gage applications, in aircraft, 

missiles, servos, « omputors, etc. 

ec <, on Switch design incorporates many 


exclusive features that have gained 


industry-wide acclaim for Electro 
r y Vy Tec precision slip rings, 


commutators and brush blocks. 


withstands Shock and Vibration 
Offers High Accuracy Measurement 


CALL OR WRITE 
FOR ILLUSTRATED BROCHURE 


8 or 10 position switches in 
standard size 10 synchro 
housings are available for 
immediate delivery; other 
circuit combinations 

ed to specifications. 


2,696.5 


LECTRO 
1 PAT NO 


Electro Tec 
Corp. 


SO. HACKENSACK 
NEW JERSEY 


Tel.: HUbbard 7-4940 
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The “72", as a polarized relay 
particularly suited to telegraph 


& 
ae 


_ WHAT’S BEHIND THE 
SIGMA SERIES 72 
_ TELEGRAPH si 
_ RELAY Es 


use, offers a combination of 
extremely worthwhile operating 





features. Among them are 500 
pulse -per-second speed, freedom 
from maintenance for at least a half 
a billion operations (60 ma. 120 
VDC inductive load), adjustable 
bias and sensitivity. 


* In addition, the usefulness 


of 72’s in telegraph service is also 
substantially increased by the 
following three related items: 





POLARITY SHOWN 
LOSES 6 TO 7 


STANDARD REPAIR KIT for the 72 

contains normally (and easily) replaceable 
parts: two contact screws and one 
ferro-nickel armature. 


MAINTENANCE AND ADJUSTMENT 
MANUAL for the 72 
describes in detail all service 
operations likely to be needed 
in the field. What and what 
not to do, and the appropriate 


BOTTOM ViEW 


methods, are comprehensively 
set forth and illustrated in 18 pages. 
Available to 72 users. 








MODEL 4501 TEST SET permits thorough operational 

checking and adjustment, using either or both coils, of 

the relay under test.* Measures operating (“trip”) values (either 
manually or automatically), bias, percent-break, and insulation. 
Provision is also made for connecting an external drive directly on relay 


coils, and ’scope connection for observing contact performance in bias 
and percent -break tests. Standard relay rack panel mounting, 5%” high, 
less than 6" deep. Case, socket adapters and instruction manual included. 


*The Test Set is simply a useful P ot = ( or ~4 & fl a 
—but not vital—accessory to f ¢ ‘ re /t /X 
telegraph relay use. It performs 1% / i/ *% 


the described tests on not only 
the Sigma Series 72 relay, but on 
our Series 7, the WE 255A (which 
our 72AOZ-160 TS can replace), 
the WE 215, and similar relays. 


SIGMA INSTRUMENTS, INC. 
69 Pearl St., South Braintree 85, Mass. 


164 


CONTROL ENGINEERING 








NEW PRODUCTS 





SUBMINIATURE PO1 


Said to be ideal for hydraulic-valve o1 
other short-stroke applications, this 
l-oz rectilinear pot is only 1.4-in. long. 
Resistance of both elements is 1,000 
ohms, plus or minus 5 percent, lin 
earity is within 0.75 percent, and 
resolution is down to 0.002. Both ele- 
ments are center-tapped and each has 
a power dissipation of 4 watt. Features 
include a precision-cast case, glass 
seal terminals, stainless-steel pushrod, 
and 100-percent bonded construction. 
—Humphrey, Inc., San Diego, Calif. 


Circle No. 44 on reply card 





TEN-TURN POTS 
‘Two new 10-turn potentiometers, the 
Type 907 Phenolic and the Type 908 
Metal Case, feature resistance ranges 
of 100 to 100,000 ohms. and 3,600 
deg of electrical rotation. ‘l'ype 907 
has a linearity range of 0.1 to 0.5 per- 
cent, while Type 908 is linear to 
within 0.05 to 0.25 percent. A special 
long-life feature has been incorporated 
in the latter. ‘The mechanical drive in 
this unit is separate from the helical 
coil of resistance wire, thereby elimi 
nating wear on the coil. The wiper is 
guided on the wire by a tab that slides 
in a groove parallel to: the winding. 
Both types have a temperature range 
of minus 55 deg C to plus 85 deg C. 
Components Div., Fairchild Con- 
trols Corp., Hicksville, N. Y. 


Circle No. 45 on reply card 















































‘re: Your shipment on the 5... 


Some people still send communications 
one character at a time. 


Others use DATAFAX—the fast 
Stewart-Warner electronic way to 
transmit all data over telephone lines. 


Datafax transmits and records any 
material: correspondence, drawings, 
pictures, printed matter, even hand- 
written notes. And since copies are 
exact duplicate images of the original, 
chance for error is eliminated. 











———ee ‘i r 
! — ee a . 
—.- -_ 
_ 
NSc/VCBA 
a 
99 
Cost? production ... branch sales . . . and 


Automatic transmission and recording 
eliminate need for full-time operator; 
recorders will even respond to trans- 
missions sent after the office is closed 
for the day. Datafax also eliminates re- 
typing, proofreading, intermediate 
handling, intransit delays—and their 
clerical costs. The clear, smudge-proof, 
permanent Datafax copy costs less 
than 2¢ for a letter-sized unit. 
Chances are your accounting . < 
inventory control . . . engineering . . ; 





warehouse operations have outgrown 
Primitive Communications. Ifso, you’ll 
want to find out about Datafax. First, 
send for your copy of the free Datafax 
bulletin. Write: Stewart-Warner Elec- 
tronics, Dept. 23, 1300 N. Kostner 
Ave., Chicago 51, Il. 


STEWART] 


Ell] ELECTROMICS 


CER) CEE) @ Division of Stewart-Warner Corporation 
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TRANSFORMERS 


by TECHNITROL 





TYPE ME-6 














PIN NO ''S 
(eoTTOm view) 














Wound on ferrite cores, the Type M series is available in a variety of 
windings to cover pulse widths from 2 microseconds down to .05 micro- 
second, wound inverting or non-inverting. 


While the M series is particularly adapted to subminiature and transistor 
circuits, we design and build pulse transformers to fit specific circuits or 
to meet definite mechanical or thermal requirements, including MIL-T-27A. 


Additionally, Technitrol makes a complete line of lumped and distributed 
parameter Delay Lines and a variety of electronic test equipment. 
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For additional 
information, 


write today for 


Vlas 
ECHNITROL 


y 
j 


Gus 1952 E. Allegheny Ave 


our bulletin 
Phila. 34, Pa 
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SERVO DAMPERS 


A simple way to obtain high velocity 
and torque constants in instrument 
servos is provided by the Model CD- 
60 servo dampers. ‘These viscous- 
coupled-inertia dampers mount directly 
on either end of Diehl FPE-25, 5- 
watt servomotors, thus eliminating 
the need for tachometers, networks, 
or other bench-engineered means of 
stabilization. Units are  factory-ad- 
justed to specified time constants 
within the range from 0.02 to 1.20 
sec. Mounting styles are available for 
tapered shafts or straight shafts with 
or without integral pinion.—Feedback 
Controls, Inc., Waltham, Mass. 


Circle No. 46 on reply care 


MEMORY PLANES 


An improved design gives these new 
magnetic-memory planes greater frame 
strength and rigidity. It permits the 
frames to be assembled individually 
in stacks, eliminating the need fos 
molds. Frame sizes range up to 10 
by 10 in. Spacers are not required 
for the vertical assembly of the planes, 
since the four corners are made deeper 
than the rest of the frame. Other 
advantages include faster delivery and 
the elimination of tooling charges.— 
General Ceramics Corp., Keasbey, 
mM, 3. 


Circle No. 47 on reply card 


OSCILLATOR 


A new subcarrier telemetering oscil- 
lator, now in production, has been 
designed for increased reliability, ac- 
curacy, and flexibility. Linearity is 
better than 0.5 percent of full band- 
width over full input range. A 1-volt 
B-plus variation produces less than 
plus or minus 0.5 percent full-band- 
width-frequency deviation; a plus or 
minus 5 percent filament voltage 
variation produces less than | percent 








for KAY LAB products 


The same company, the 
same engineering and 
manufacturing facilities, 
the same world-wide 
staff of field engineers, 
but a new name more 
descriptive of the Com- 


pany and its products. 


LOOK FOR KIN TEL ON: 


UNIVERSAL DC INDUSTRIAL TELEVISION MICROVOLT LEVEL BROADCAST TELEVISION ABSOLUTE DC POWER 
MICROVOLTMETERS EQUIPMENT BROADBAND 0C EQUIPMENT SUPPLIES AND 
AMPLIFIERS METER CALIBRATORS 


On these and many other electronic products the name KIN TEL means outstanding instruments and television equipment. 


Representatives in all major cittes ; : 
Write, wire, pnone today for demonstration 


[ KAY LAB ] ELECTRONICS FOR COMMUNICATION - MEASUREMENT +: CONTROL 
5725 KEARNY VILLA ROAD -: SAN DIEGO 11, CALIFORNIA + BROWNING 77-6700 
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all the EXTRAS are standard 


with 


Gracemaker 


CYLINDERS 


Member of 
the National 
Fluid Power 
Association 


You save 40% space when you 
switch from outmoded tie rod 
cylinders to the T-) Spacemaker! 
It’s stronger, too! Fits right into 
automation programs in countless 
plants. Delivers top performance 


@NEW exclusive ingenious cushion designs . . 
Super Cushion Flexible Seals for Air . 
New Self-Aligning Master Cushion for Oil. 


@STRONGER than outmoded tie rod design, 
proven through actual tests. No tie rods to 
stretch. 


@ SOLID STEEL HEADS throughout the full line. 


@ COMPACT DESIGN eliminates tie rods, in- 
creasing the strength and reducing mount- 
ing — required, providing extra room 
for adjacent equipment. 


@ HARD CHROME PLATED body bores and piston 
rods ... assure you of long trouble-free 
service. (Standard at no extra cost.) 

@ METALLIC ROD SCRAPER, nor just a wiper, 
actually removes foreign matter from the 
rod. 

@PILOTED PACKING GLAND with extra long 
bearing. Additional strength and support 
to the piston rod. 


@ OIL pressure to 750 p.s.i. AIR to 200 p.s.i. 


DELIVERY 
OFF THE SHELF! 





—_— 


o— 


IC 


SQUARE HEADS WITH THE RODS 


{4% 
(rafrates) / 


3 SPACE 
edjocen! equipment witheu! secrificing strength 


SAVED 


ee 











and dependability with a big plus 
in advanced features. Wide range 
of styles, capacities reduces 
man-hours and costs in all kinds 
of push-pull-lift jobs. Off-shelf 
delivery in 64,000 combinations! 


NEW LITERATURE—Send today for new Catalog SM56 
with complete engineering details on Spacemaker line. 
Write The Tomkins-Johnson Co., Jackson, Mich. 


GS) TOMKINS-JOHNSON 


RIVITORS AIR AND HYDRAULIC CYLINDERS CUTTERS CLINCHORS 
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full-bandwidth deviation. Plug-in 
printed-circuit filter board permits 
changing frequency channel of the 
basic oscillator without removing it 
from service.—Dorsett Laboratories, 
Inc., Norman, Okla. 


Circle No. 48 on reply card 


MOTOR-GENERATORS 
Size 18 


servomotor-rate generators 
are now available from this manufac 
turer. The 20-0z, servo-mounted units 
consist of a servomotor and rate gen- 
erator housed in a stainless-steel case 
and rotating on a shaft. 
Rotor inertia is 5.73 gm cm’. A 60-cps 
model features a minimum stall torque 
of 2.35 oz-in. and a stall acceleration 
of 29,000 rad per sec*. On the 400- 
cps model minimum stall torque is 4.0 
oz-in. and acceleration is 49,000 rad 
per sec’.—Helipot Corp., Newport 


Beach, Calif. 
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common 


NONLINEAR POTS 


A new line of precision, wire wound 
nonlinear potentiometers, for sine 
cosine and square-law functions, is 
now available. Standard units are 
made in AIA sizes 30 and 20. Tol- 
erances on the sine-cosine pots are 
0.5 percent peak to peak for the size 
30, and 1.0 percent peak to peak for 
the size 20. On the square-law pots 
tolerances of 0.25 percent and 0.75 
percent independent conformity are 
standard.—Ace Electronics 
Inc., Somerville, Mass. 
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Associates, 





ENGINEERING DATA 


Size 4 A.C. Contactor Ratings* 





t-Hour 
hae Enclesed Power Rating 





Service Rating Three Phase 
Open Enclosed Volts HP. 








Across-the-Line 110 235 
Starting 150 135 220 50 
440-550 100 





Across-the-Line 110 15 
Piug-Stop or 150 135 220 Kt) 
Jogging 440-550 60 














Single Phase Three Phase 
olts KW. 


Service v Volts KW. 





Resistive 110 15 110 26 
Heating 220 30 220 52 
Load** 440 60 440 105 
550 75 550 130 

















~ Tungsten Lamp 


pe me | sad 120 Amperes for 250 Voit Circuits or Less 


Heating Load** 














*The ratings listed are those recommended by the National Electrical 
Manufacturers Association. 
**These ratings apply to open or enclosed contactors. 


150-amp 


=| solenoid 


contactor 
extends 
proven line 


This new Size 4 A.C. solenoid contactor is ideal 
for use in motor starters and controllers for main 
line, accelerating and reversing purposes and 
for resistance heating and lamp loads as well. 

It’s the new Bulletin 4454—incorporating 
many advanced design features found on Ward 
Leonard's Sizes 0 to 3 contactors. Check these 
outstanding features : 

New sintered-silver-cadmium-oxide contacts 
—can repeatedly handle high inrush currents 
without a sign of contact welding, excessive 
pitting or other damage. 

Simple, compact solenoid design—excellent 
for modern metal control panels using acces- 
sible front-of-board wiring, particularly useful 
where panel space is limited. 

Available with two or three main poles and 
up to 4 side-mounted auxiliaries. Also with pro- 
vision for mechanical interlocking and addition 
of overload relays. 

Completely described in Bulletin 4454. Write 
for your copy today. The Ward Leonard Elec- 
tric Co., 9 South Street, Mount Vernon, New 
York. (In Canada: Ward Leonard of Canada 
Ltd., Toronto. ) 76 


wr mre 
%, 


LIVE BETTER... Electrically ©. 





uUne- ucund 


NEW! 


R sel 


ACTUAL SIZE 


UP TO 750 K 


PRECISION 
POTENTIOMETERS 


Now You CAN specify a Waters pot for miniaturized designs 
that require potentiometers up to 250K. In the reliability-proved 
construction of the AP-’2, these new, higher values give you: 

© Resistances — 10 ohms to 250 kilohms 

* Ganging — up fo four units 

* Three mounting styles — plain-bushing, 

split-bushing, or servo 

® Three terminal styles — radial, axial, or wire-lead 

¢ Automation models — for printed circuits 
General specifications: Centerless-ground, stainless-steel shaft can 
be sealed with O-ring; gold-plated, fork-type terminals standard; 2% 
standard linearity for 50K and above — 5% for lower values; tem- 
perature range —55 to +105C, to 125C on order; 2 watts at 80C; 
anodized aluminum body 2” diameter X 12” long — %” long for 
100K and 250K; corrosion-resistant-alloy bushing; all electrical con- 
nections spot-welded or soldered; furnished with stops or for 
continuous rotation. Write for data sheet on these dependable 2” 

potentiometers. 


(|: COMING SOON ! = 
| Complete new family of | 
—— W 


aters precision potentiometers —— 


WAT a MANUFACTURING, inc. 
c: rasigeng: — a 


APPLICATION ENGINEERING OFFICES IN PRINCIPAL CITIES 
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NEW PRODUCTS 


COMPACT AMPLIFIER 


This new amplifier, designed for 
laboratory applications where high 
input impedance and broad band 
response are required, is especially use- 
ful for maintaining low-frequency re- 
sponse and signal level of piezoelectric 
accelerometers, pressure pickups, and 
similar transducers. Unit is said to 
work well with ocilloscopes, tape re- 
corders, and other measuring equip- 
ment whose load impedance is greater 
than 5,000 ohms. Compact design 
permits mounting up to ten units side 
by side in a special frame for 19-in 
rack mounting.—Atlantic Research 
Corp., Alexandria, Va. 


Circle No. 54, on reply card 


INVERTER - AMP 
iF 
. model x0 — 


LOW-DRIFT AMPLIFIER 


Shown above is the Model 307-A low- 
drift dc amplifier for use with wire 
strain gages, transducers, thermo- 
couples, etc. It will drive most 
galvanometers, including the low-sen- 
sitivity, high-frequency types, and pro- 
vides excellent linearity over a wide 
range of input voltages. Instrument 
gives fine resolution with a 20-step 
attenuator and a unique gain control 
which permits full-scale galvanometer 





| 


SWELL I’LL BE DIPPED...better 


..because the NEW ZMAZ SNAPIN 


AMP INCORPORATED 


GENERAL OFFICE: ee AWP 
3212 Eisenhower Boulevard, Harrisburg, Pennsylvania : 
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A MIND OF iTS OWN | | vew PRODUCTS 


The first missile to reach the moon will 
be equipped with its own electronic 
brain — a compact visual computer, 
occupying not much more than half 

a cubic foot of precious room, 

that will mastermind the incredibly 
complex operations of man’s first 
venture into outer space. 

With respect to earth coordinates, such a 
flight control system must continuously 
measure the rocket’s position and velocity 
with surpassing speed and accuracy: 
tolerances of a fraction of a mil in 
angular resolution and of a small 
fraction of a mile per second will have 
to be maintained in order to land 
within a ten-mile radius on the 

lunar surface. To effect precise and 
rapid corrections in vector thrust, the 
computer must be capable of making 
thousands of calculations per second and 
storing within a memory the size of 

a ping-pong ball thousands 

of “bits” of essential information. 
Microminiature minds for moon-bound 
missiles are only one fascinating field of 
investigation at Systems Laboratories, 
the first corporation in the world 

to specialize in the research 

and development of interplanetary 
travel. If you are a scientist or 
engineer who would like to take 

part in the greatest adventure of our 
time a note to Dr. John L. Barnes, 
SLC’s president, will bring 


a prompt and personal reply. 


&) 


SYSTEMS LABORATORIES | 
CORPORATION 


15016 Ventura Boulevard, Sherman Oaks, California 
in Los Angeles’ San Fernando Valley 
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deflection adjustment for input volt 
ages between adjacent attenuator set 
tings.—Allegany Instrument Co., Inc., 


Cumberland, Md. 
Circle No. 52 on reply card 


NEW MICROPOT 


A new single-turn Micropot poten 
tiometer is now in production. Called 
the 910 Series, the unit is linear in 
function, and features high accuracy 
and long life. Resistance element and 
terminal leads are molded into a 
single unit for better operation unde1 
severe vibration and high-temperature 
conditions. The 910 has a_ power 
rating of 5 watts and a resistance 
range of 50 to 10,000 ohms, plus o1 
minus 5 percent. Standard linearity 
accuracy is within 0.5 percent. Units 
may be ganged and each cup indi 
vidually phased in the field. All 
models have ball-bearing mounted 
shafts.—The G. W. Borg Corp., Janes 
ville, Wis. 
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ACCESSORIES 
& MATERIALS 


STACKED TERMINALS 


Molded of a durable phenolic plastic 
and designed to permit stacking of 
as many as six rows, the PJ-106 ter 
minal block above will provide up to 
120 __ brass-plated terminals. Grad 
uated in length for ease of wiring, the 
terminals are identified by numbers 
along the top row. Model shown 
measures 3 by 6-1/16 by 34 in. Height 
varies with the number of rows re 
quired.—Audio Development Co.., 
Minneapolis, Minn. 
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Royal Precision LGP-30 Electronic Computer 


COMPACT... 
MOBILE... 
LOW IN COST... 


high-speed computation right at your desk 


The result of 20 years’ experience in the design of elec- 
tronic computers, LGP-30 puts you in complete control 
of your own engineering problems. Used right at your 
desk, LGP-30 allows you to program your own material 
without planning in detail. You modify equations on the 
spot, follow your work to completion. Thus, you eliminate 
much detailed calculation . .. uncover added time for cre- 
ative engineering. 


Ease of operation. LGP-30’s simple command structure 
offers the same complete internal programming found 
in computers many times its size and cost. Internally 
binary, serial, single address... LGP-30 enters and re- 
ports alpha-numeric information by punched paper tape 
or keyboard. 


Greatest capacity in price range. The most powerful stored 
program computer of its size yet developed, LGP-30 has 
a magnetic drum “memory” of 4096 words. Fully auto- 
matic, it performs sub-routines... executes self-modi- 
fying programs. 

Exceptional flexibility. LGP-30’s wide range of applica- 
tions includes double precision abstractions; compiling 
and diagnostic routines; 3-address interpretive routine 
with floating point abstractions; matrix operations in- 
cluding inverting and Eigen value problems; basic trigo- 


nometry and log functions; square root and roots of 
polynomials. 


Nation-wide sales and service. Detailed analysis of your re- 
quirements is available through Royal McBee’s nation- 
wide staff of trained applications engineers. 


—_—— Outstanding features of LGP-30 ——__—. 


Operates from regular wall outlet (110 volts AC). 
No expensive installation . . . no external 

air conditioning. 

Unusually large ‘‘“memory’’— 4096 words. 

Word length: 32 bits, including sign and spacer bit. 
Average access time: 8.5 ms. 

Optimum access time: 2 ms. 

Lowest cost ever for a ‘complete’ computer. 





Nation-wide sales and service. 








For further information, write Royal McBee Corporation, 
Data Processing Equipment Division, Port Chester, N. Y. 


ROYAL MCBEE 


CG oOo ® P.O 8a T &. Gi 
ROYAL TYPEWRITERS * McBEE BUSINESS SYSTEMS 
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Acetrim* sub-miniature 


neciion TRIMMERS 
for PRINTED CIRCUITS 


Featuring 


from Ace... sub-miniature precision ° 


Here is another new development 


Y,”’ size 

10 ohms to 150 K 

weight Y% ounce 

power 2 w. @ 60° C. max. 
temperature to 125° C. 
sealed, moistureproofed, 
anti-fungus treated 
withstands severe shock, 
vibration, acceleration 
meets applicable Military 
specs 


wire-wound trimmers especially for 
printed circuits. Designed and pro- 
duced to meet your tightest specifica- 
tions, the new Acetrim has flat or 
round tabs to facilitate production 
assembly. Just plug into printed cir- 
cuit board, secure, and dip solder. 


Ace delivers reliability 


Modern mass production techniques assure delivery to meet your sched- | 


ules . . . rigid quality controls assure highest standards of performance- | 
reliability. 





Acetrim — write for Technical Data Unit 
#563. 


Acepot — 1” sub-miniature precision 
wire--vound linear potentiometers from 


10 ohms to 250K. +.3% standard. Write 
for Technical Data Unit #564. 


Nonlinear Acepot — precision wire- 
wound nonlinear potentiometers for 


*trademarks applied for 


_ACETRIN* EEL CLUES 


Dept. C 
Telephone: SOmerset 6-5130 ° 


sine-cosine and square-law functions and 
other applications. High resolution, close 
conformity. Write for Technical Data 
Unit #572. 


X-500 Acepot — 1” sub-miniature pre- | 


cision potentiometers for extreme tem- 
peratures of —55° C. to 150° C. 10 ohms 
to 250K. Write for Technical Data Unit 
#571. 


101 Dover St. + Somerville 44, Massachusetts 
Engineering Representatives in Principal Cities 


See the newest and latest at Booths 56-57—the Pacific Northwest Instrument Show 
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NEW PRODUCTS 


PLUG-IN LIGHT 


This miniature indicator light per- 
mits plug-in replacement of a neon 
or incandescent lamp and requires a 
mounting hole of only 2 in. in diam. 
The unit is designed for aircraft in- 
struments, computers, control _ sys- 
tems, telemetering equipment, and 
other military or commercial appli 
cations where miniaturization and 
reliability are essential. A round-nose 
lens is supplied for a neon lamp, a 
flat-nose type for the incandescent 
lamp.—Eldema Corp., E] Monte, Calif. 


Circle No. 55 on reply card 


TAPE WINDER 


Shown is the Model 3055 Tape-File 
electric tape winder. Suitable for use 
in taking up tape either from a punch 
or reader, the unit can also be used 
to rewind adding-machine tapes, and 
is easily adapted to teletype systems. 
The power winder is designed to 
maintain a constant tension on the 
tape as it flows intermittently from 
punching equipment without damag- 
ing the tape or its own motor. Com- 
pact and portable, it will operate on 
110-volt circuit.—Dresser Prod- 
ucts, Inc., Providence, R. I. 
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to get 
NEW BULLETINS 


& CATALOGS 
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SELECT HERE 





100) WIDE-BAND SCOPE. Laboratory 
for Electronics, Inc. Bulletin 411A, 4 pp. 
Leaflet describes the Model 411A oscillo- 
scope, a wide-band general-purpose instru 
ment for laboratory use. Gives specs on 
the basic unit and on six optional plug-in 
units that increase its versatility. 

101) PULSE CALIBRATOR. Electronic 
Instruments Div. of Burroughs Corp. 
l'echnical brochure describes a new instru- 
ment for measuring current and voltage 
pulse amplitudes, pulse durations, and rise 
time. Shows how the calibrator operates, 
illustrating and explaining actual wave 
forms obtained from different applications. 
102) “ELECTRON CONTROL CEN- 
TERS”. Barber-Colman Co. Booklet 
F-8031, 8 pp. This five-color bulletin dis- 
cusses the functions, uses, and advantages 
of centralized automatic control with 
visual supervision of the system. 

103) STRAIN-GAGE BALANCE. Task 
Corp. Brochure, 4 pp. Gives detailed in- 
formation on the operation, performance, 
and construction of a six-component in- 
ternal strain-gage balance. Also contains 
a size-range chart and a cutaway drawing 
of the instrument. 


104) ELECTRONIC SYSTEMS. Cook 





Electric Co. Brochure No. 1-57, 22 
Contains photographs and illustrations of 
typical projects undertaken by this com- 
pany’s Electronic Systems Div. These in- 
clude control assemblies and complex elec- 
tronic gear that can be mass-produced. 
105) PLUG-IN COUNTING CIR 
CUITS. Catalog No. 11437, 4 pp. Two 
subminiature, transistorized counting cir- 
cuits are described. Actual-size photos and 
dimensioned drawings illustrate design and 
construction features, while circuit dia- 
grams cover typical applications. 

(106) REGULATED DC SUPPLY. Dy- 
namic Controls Co. Bulletin DC T-157, 
2 pp. Presents the unusual transient per- 
formance and other electrical and mechani- 
cal features of a new thyratron de power 
supply. Oscillographic recording shows 
typical response of output voltage to step 
application of ac line voltage and load. 
(107) METAL FILM RESISTORS. In- 
ternational Resistance Co. Bulletin B-3, 
4 pp. Contains comprehensive data on the 
construction, application, and characteris- 
tics of Types MEC and MEF metal film 
precision resistors. Performance chart and 
graphs serve as handy reference. 

(108) TYPICAL COMPUTER PROB- 


LEM. Computer Div. of Bendix Aviation 
Corp. Application Report No. 3, 4 pp. 
Describes in detail how a Bendix G-15 
computer saved considerable time in solv- 
ing a turbine problem. 

(109) CONTROL-SYSTEM ANALYSIS. 
Brush Electronics Co. Technical Bulletin, 
8 pp. Illustrates and describes a servo 
analyzer for control-switch analysis work. 
Portable, cart-mounted, and rack-mounted 
models are available. Should be of interest 
to both design and operating engineers. 
(110) LOW-FLOW METER. George 
Kent, Ltd. Publication 227, 2 pp. De- 
scribes the Model CM Oil Meter, a low- 
flow unit designed for industrial applica- 
tions. Covers important features, in: ~ane 
ance, materials of construction, pipe con- 
nections, and dismensions. 

(111) MAGNETIC AMPLIFIER. Mag- 
netic Amplifiers, Inc. Form S765, 2 p 
Has a tentative data chart on the character- 
istics of a new miniaturized magnetic am- 
plifier. States that these characteristics are 
such that “. . . a complete high perform- 
ance electro-hydraulic servo loop can be 
achieved without the use of additional 
amplifying elements.” 

(112) AIRCRAFT THERMOCOUPLES. 
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Thermo Electric Co., Inc. Bulletin A. 
Contains illustrations, specifications, and 
ordering charts covering a line of aircraft 
thermocouples and thermocouple assem- 
blies. Includes data on three basic types 
used on reciprocating aircraft engines. 
(113) LINEAR-SCALE AMMETERS. 
Beckman/Helipot Corp. Data Sheet 839, 
2 pp. Discusses the design features of a 
new line of linear scale ac ammeters and 
the current transformers that improve the 
meter’s accuracy. Standard specifications 
and dimensions also included. 

(114) LIQUID-GAS SEPARATION. 
Selas Corp. of America. Bulletin S-1052, 
10 pp. Describes the Selas Liqui-Jector, a 
device for the continuous and automatic 
removal of entrained liquids and solids 
from air, gas, or steam systems. Cutaway 
views of each model accompany the de- 
scription, 

(115) HYDRAULIC PILOT VALVE. 
Atlas Valve Co. Catalog Sheet, 2 pp. 
Contains photos, diagrams, and descriptive 
data on two spring-loaded, diaphragm. 
actuated hydraulic pilot valves. Lists the 
materials used in each part of the valve, 
suggests applications, and outlines the most 
important features. 
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(116) AIR CONTROL VALVES. Geal- 
land-Henning Nopak Div. Catalog No. 
105, 16 pp. Covers a new line of pilot- 
operated, poppet-type air-contro] valves. 
Complete dimension, installation, applica- 
tion, and operation data are — in 
an easy to use form. Sectional views illus 
trate internal construction and operation. 
(117) COOLING-TOWER CONTROLS. 
Bailey Meter Co. Bulletin 1050, 4 pp. 
Describes a newly patented system for 
automatically controlling make-up water 
flow, chemical feed, and blowdown rate 
of cooling towers. A one-page schematic 
diagram shows the piping arrangement and 
control system for a typical cooling-tower 
operation. 

(118) FLOATED RATE GYROS. Nor- 
den-Ketay Corp. Bulletin No. 419, 4 pp. 
Deals with a line of floated rate gyros for 
airborne and control telemetering systems 
Principle design features are pointed out 
on a large cutaway view. General, pickoff, 
and motor characteristics are listed, along 
with the environmental operating condi- 
tions. 

(119) ANALYSIS INSTRUMENTS. Per- 
kin-Elmer Corp. Catalog, 16 pp. Well- 
illustrated, this small booklet describes the 


company’s line of infrared and ultraviolet 
spectrophotometers, monochromators, 
flame photometers, vapor fractometers, 
briefly describes P-E’s process contro] in 
struments. 

(120) ‘TRUE-LEVEL RECORDER 
Bailey Meter Co. Product Specifications 
M31-2, 4 pp. Deals with a new all-me 
chanical, compensating level recorder for 
recording (or indicating) true boiler drum 
water level in inches. Sketches show the 
measuring element, temperature equaliza 
tion column, and helix and cam arrange 
ment that compensates for vessel pressure 
variations. 

121) WATERPROOF SOLENOID 
COIL. Hays Mfg. Co. Folder No. 210-3, 
2 pp. Describes a new line of waterproof 
solenoid coils, called “Kast-Coils”, that are 
said to last forever. Folder also contains 
two tables, one covering coil and valve 
combinations, and the other coils for ex 
isting valves only. 

(122) RADIATION PROTECTION 
Nuclear Science & Engineering Corp. Bul 
letin No. 407, 4 pp. Outlines this com 
pany’s services for health and safety pr 
cautions against hazards of radioactivity 
These include research and development, 
technical support, consulting, industrial 
surveys, etc 

(123) MAGNETIZERS. Indiana Steel 
Products Co. Bulletin No. 17, 2 pp. Con- 
tains data and charts on two new magne 
tizers. One is an electromagnetic type and 
the other a permanent magnet type. Pic- 
tures of both types are given as well as 
information on the application and opera- 
tion of these units 

(124) INDUSTRIAL pH ELEC. 
TRODES. Leeds & Northrup Co. Data 
Sheet N-S5(2), 4 pp. Presents engineering 
features and ordering instructions for a va- 
riety of industrial pH electrodes and their 
housings. Dip-type immersion heads, con 
tinuous flow assemblies, and the new 
L&N stainless-steel pipeline mountings are 
also covered. 

(125) HYDRAULIC POWER UNITS 
J. N. Fauver Co., Inc. Catalog H-257, & 
pp. Contains photographs and blueprints 
of several hydraulic power units and test 
stands. These include custom power pack- 
ages as well as standard units : 
(126) BUILDING TEMPERATURE 
CONTROL. Automatic Devices Co., Inc 
Bulletin No. P-257, 4 pp. Covers a num 
ber of regulators and time switches for use 
in automatic-temperature-control systems 
A simplified chart contains recommenda- 
tions for the type of controls to be used 
under various conditions 

(127) WIRE-WOUND- RESISTORS 
Kelvin Electric Co. Bulletin CB-2, 2 pp 
Describes a new line of precision wire- 
wound resistors featuring tension-free 
windings. Provides complete specifications, 
dimensioned drawings, and descriptions. 
(128) AIRCRAFT SYSTEMS. Hamilton 
Standard Div. of United Aircraft Corp. 
Booklet, 20 pp. Entitled “Profiles in 
Progress”, this booklet outlines some of 
the highly-specialized aircraft equipment 
in use today. It discusses, in layman’s 
language, aircraft-air-conditioning systems, 
turbine-engine starters, fuel controls, hy- 
draulic pumps, pneumatic valves, and elec 
tronic temperature controls. 

(129) PNEUMATIC-CONTROL STA 





TIONS. Copes-Vulcan Div. of Blaw- 
Knox Co. Bulletin No. 1031, 8 pp. Cov- 
ers a complete new line of auto-manual 
pneumatic-control stations of the nonseal 
type. Units are suitable for use as com- 
ponents in combustion control, feedwater 
regulation, and pressure-reduction systems. 
Both standard size and miniature devices 
are described. 

(130) THERMOSTATIC CONTROLS. 
The Franklin Dales Co. Bulletin, 8 pp. 
Shows the design, construction, and op- 
eration of tubular type “Temp-Guard” 
thermostats that make or break an elec- 
trical circuit by responding to changes in 
either temperature or electrical load. Di- 
mensions and electrical characteristics are 
tabulated. 

(131) LABORATORY GLASSWARE. 
Fischer & Porter Co. Catalog 80C100, 16 
pp. Gives specifications and prices on a 
complete line of laboratory glassware, in- 
cluding precision-bore burettes, aspirator 
bottles, gas-collecting tubes, Karl Fischer 
apparatus, nitrometers, funnels, manifolds, 
and stopcocks 

132) TIMING MOTORS. The Lux 
Clock Mfg. Co., Inc. Form No. 150, 2 
pp. Contains descriptive information on a 
new line of synchronous timing motors 
Overall dimensions of the case are given 
ilong with dimensioned drawings of the 
standard brass pinions and ratchets. In- 
cludes an enlarged view of the new motor 
bearing 

133) LABORATORY INSTRU- 
MENTS. Nurnberg Thermometer Co. 
Catalog 57. Lists this firm’s complete line 
of thermometers and hydrometers for lab 
oratory and industrial applications. Well- 
illustrated, the catalog contains a listing of 
all current ASTM thermometers, hydro- 
meters, and allied testing instruments. 

134) STEAM-PRESSURE VALVE 
A. W. Cash Co. Bulletin No. 981. In- 
cludes photos and cross-sectional diagrams 
of this company’s Type 44 pilot-operated, 
pressure-reducing-and-regulating valve. Also 
contains specifications, pressure and tem- 
perature ratings, a capacity chart, installa- 
tion instructions, and suggested applica- 
tions 

135) COPPER-CLAD LAMINATE. 
Formica Corp. Brochure No. 755, 4 pp. 
Describes the physical and electrical prop- 
erties of “Cirprint’”, a new copper-clad 
laminated plastic especially designed for 
large-volume manufacturers of electrical 
and electronic products. Table on_ last 
page compares properties of the new ma- 
terial with those of earlier grades. 
(136) VENTURI TUBES. Burgess-Man- 
ning Co. Bulletin 400. Offers cross-section 
illustrations of two types of venturis for 
metering water, sewage, sludge, air, and 
other fluids. Describes design features of 
each, suggests its best applications. 
(137) CONTROL GLOSSARY. Man- 
ning, Maxwell & Moore, Inc. Bulletin, 12 
pp. An up-to-date glossary of automatic 
control terms, now available for the ask- 
ing, contains all the ASME approved terms 
plus a few that have recently crept into 
the control engineer’s language. It defi- 
nitely should prove interesting to new- 
comers and should also encourage the use 
of accepted terms in everyday conversa- 
tion and correspondence. 


The servo amplifiers 
illustrated are typical 
standard types. Other 
models, including 
higher power types, 
are available for 
systems engineering. 
The complete MA 

line offers the designer 
a choice of compact, low 
cost types, amplifiers 
featuring fast response 
at high gain and 
all-magnetic models 
providing highest 
performance. 





SUPPLY 


In addition to standard 
types, custom designs 
can be produced for 
special applications, 
or complete servo 

and automatic control 
systems can be 
engineered to your 
requirements. 
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LIGHTWEIGHT 
SUB-MINIATURE 
MAGNETIC AMPLIFIER 


— 


115 volts 
400 cps. 


Va, 3, 
watts 


5,10 oo velts 003 





MAGNETIC PRE-AMP + 
SATURABLE TRANSFORMERS 


115 volts 
400 cps. 


3, 5,6,10, 1 volt 03 
18watts AC F 





MAGNETIC PRE-AMP + 
HIGH GAIN MAGNETIC 
AMPLIFIER 


115 volts 
400 cps. 


5, 10, 


15, 0.1 volt 
20 watts AC 





TRANSI-MAG*: TRANSISTOR 
+ HIGH GAIN MAGNETIC 
AMPLIFIER 


115 volts 
400 or 
60 cps. 


2, 5, 10, 08 volt 


15, 20 


watts 


AC into 
10,000 ohms 





Call or write for new illustrated bulletins. 


Magnetic Amplitiers «inc 


632 TINTON AVE., NEW YORK 55, N. Y.—CYpress 2-6610 
West Coast Division 
136 WASHINGTON ST., EL SEGUNDO, CALIF. — EAstgate 2-2056 
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THE OFFNER DYNOGRAPH 


... rectilinear recording 
...Curvilinear recording 
..- heat sensitive recording 
...@lectric recording 
...ink recording 


IN A SINGLE OSCILLOGRAPH! 


On Exhibit at the 
IRE Show, 
Booth No. 3051 








unequalled for versatility and performance! 


High sensitivity—up to 15 microvolts d-c per mm. 
Stable—absolute zero base-line drift. No ‘‘warm-up"— 
immediately stable and ready for use. One percent 
linearity—over 8 centimeters deflection. One amplifier 
—for all recording applications. 


Write for 12 page, 2 color catalog—gives specifications and details. 


OFFNER ELECTRONICS INC. 


5320 N. KEDZIE AVE. © CHICAGO 25, ILL. 
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APPLICATION 
LITERATURE 


(138) REINFORCED FLAT DIA 
PHRAGMS. Statham Laboratories, Inc. 
Instrument Notes No. 31, 4 pp. Really a 
four-page technical article, this paper deals 
with the theory of flat-annular diaphragms, 
and should be of interest to anyone con 
cerned with the design of highly accurate 
pressure-measuring devices As author 


C. K. Stedman points out, a good deal of 
information has been published on flat 
plate diaphragms having no centra 
forcement. Less familiar but far mor 
satile is the diaphragm with a central 1 
forcing boss and a stiff annular ring around 
the outside edge. Figure 1 of the artic] 
above) shows a typical cross-sectional view 
of such a unit. 


(139) CORRECTING PHASE SHIFT 
IN COPPER-MANDREL POTS. Beck- 
man/Helipot Corp. Technical paper Nx 

552, 32 pp. “Measurement and Correction 
of Phase Shift in Copper-Mandrel Preci- 
sion Potentiometers” is the title of this 
32-page paper. In it, authors S. Schneider, 
F. Hiraoka, and C. Gauldin discuss a pra 


I 
tical approach to the problems of predict 


ing, measuring, and compensating 

quadrature voltage and phase-shift in 
copper-mandrel pots used in ac circuits. 
Separate sections cover test circuits fot 
quadrature and in-phase voltage measure 
ments, measurement of mandrel-to-resist 
ance-wire capacitance, and comparison of 
results with theoretical equations. Pag¢ 
17, shown here, illustrates six different 
types of phase-compensation circuits; it is 
followed by a chart containing values for 





Locates 
Measures 
Corrects 


Detailed information is in = 

instrument Data Sheet 211, high speed 
available upon request to 

Technical Literature Sec- gyro rotors 
tion. 


DYNAMIC UNBALANCE 


DYNAMIC 
BALANCER 


Even miniature missile type gyro rotors 


cf > 
ng th 
can be balanced in 6 to 10 minutes with without removing e 
the DECKER DYNAMIC BALANCER. And rotor from the mount 


ultimate balance is generally limited only 

. : intains laborat - 

by the quality of the rotor bearings. Rares RereIy Eo 

cision balance on a production 
basis 

Designed specifically for high speed ile see vente « dae 


rotors requiring maximum possible netinbilion 


precision of balance, the Model 211 
Dynamic Balancer is capable of handling Automatic marking of point of 
any rotor which may be electrically unbalance 
driven at 10,500 rpm or higher. 
Drilling performed without re- 
moving rotor. 
The Balancer offers, on a single portable Sebihibn ination 06 dienes al 


chassis, everything needed for precision mattis 


dynamic balancing. Included are the 
necessary equipment for rotor mounting, Automatic speed control 
measurement, and location of unbalance, 
plus a precise metered automatic drill Rapid run up to proper speed 


for unbalance correction. . 
Completely self contained and 


portable (11 x 15” x 21”) 


ae — , Rapid work change over 
ee) me per gS P 9 


whe 


ecker| 





Potter & Buurdield engineering _ 


is in this picture 


Which P&B relay would you specify for this 
HIGH STARTING TORQUE MOTOR? 


vm —_ 


MP SERIES 


Radial Saws by DeWalt, Inc. are used in thou- 
sands of home work shops, in lumber yards, car- 
penter shops and industry. The electric motors 
that operate these saws are a heavy duty single 
phase, AC, modern capacitor, voltage relay type. 
They have a high starting torque in order to 
quickly achieve operating speed, even when 
heavy line loads give lower voltage than normal. 
To avoid arcing and burning during initial cur- 
rent surge, DeWalt needed a positive, fast acting 
relay that would remain in contact until operat- 
ing speed was reached. 

Their choice? P&B MP series relays! These 
sturdy relays not only save arcing and burning 
during initial current surge, but are compact, 
rugged and dependable. Their versatility permits 
use with any capacitor type motor up to 2 
horsepower. They can be furnished with an alnico 
magnet if whole snap action is needed. 

This ready solution to DeWalt’s relay problem 
is an example of how P&B relay engineering is 
daily adapting existing relay types to specific 
needs. P&B’s unique 25 years of relay engineer- 
ing experience provides an immense reservoir 
of skill, information and technical ability that 
can help solve your relay problems faster and 
more efficiently. 


®UTA\v tay 


AB SERIES 











ENGINEERING DATA 


SERIES: MP. Small general purpose 
power relay. 

CONTACTS: %” fine silver rated 25 
amp., 115 V. AC non-inductive load, 
or 2 HP, 115 V. AC. 

CONTACT ARRANGEMENTS: SPST 
NO, SPST NC, SPDT. 

VOLTAGE RANGE: DC: Up to 
220 V. AC: Up to 230 V. 

COIL RESISTANCE: 15,000 ohm 
maximum, 

TEMPERATURE RANGE: DC: — 55° 
C. to + 85°C. AC:—55°C. to + 55°C. 

TERMINALS: Standard pierced 
solder lug holes will take No. 10 
hook-up wire. 

ENCLOSURES: Dust cover, 2-59 /64” 
Lx 2%" W. x 2-3/32” H. Hermet- 
ically sealed cover dimensions same 
as above. 

DIMENSIONS: Moximum 24” L. x 
1%” W. x 1%" H. 

This relay will normally deliver a 

minimum of 300,000 operations be- 

fore wear will warrant readjustment. 





P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, 
ELECTRICAL, AND REFRIGERATOR DISTRIBUTORS 


See our catalog in Sweet's Product Design File 
re Buundield l 
i UNC. 


Manvfacturing Divisions also in Franklin, Ky. and Laconia, N. H. 
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APPLICATION 
LITERATURE 


the various circuit parameters and quadra 
ture voltages 


(140) CAST AND SINTERED MAG 
NETS. General Electric Co. Catalog 
PM-121, 12 pp. This bulletin, superseding 
Catalog PM-100, contains a good deal of 
information useful to the component de- 
signer. It covers both cast (Alnico 5) and 


GENERAL @ Evectaic 


PERMANENT 


5 


sintered (Alnico 2) products. Photographs 
of every available shape are accompanied 
by drawings and tables. Each table gives 
the catalog number, dimensions, and 
weight of each model 


(141) “NOTES ON LINEAR DIFFER- 
ENTIAL TRANSFORMERS”. _ Schae- 
vitz Engineering. Bulletin AA-la, 20 pp 
Questions on the techniques involved in 
the use of linear variable-differential trans- 
formers are answered in detail in this 
illustrated brochure. A summary of the 
mechanical and electrical features of this 





oo) TO INDICATOR 
DR RECOROER 
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SPEC/MEN | 











Figure 30. Use of LVYDT in extensometer 


basic transducer is followed by sections on 
fundamentals of LVDT applications, 
characteristics of the Schaevitz LVDT, 
environmental factors, and installation and 
operation. Graphs, charts, circuit diagrams, 
and line drawings are used throughout to 
illustrate construction, characteristics, and 
applications of these units. Figure 30, 
above, is typical of the drawings 








You can get the custom designs you want 
from a basic Skinner Solenoid Valve 


In the small-size solenoid valve field, Skinner offers a 
wider variety of variations and optional features than any 
other manufacturer. Take, for example, the standard V5 
model shown above in cutaway form. Its design is so 
flexible that the valve can be supplied for applications 
which would otherwise call for “specials.” So, if you 
have a solenoid valve problem, we urge you to talk to a 
Skinner representative. Tell him your requirements in 
regard to port sizes and locations, voltages, pressures, 


temperature conditions, flow adjustments and mountings. 
Let him show you how easily he can select the valve 
you need, 

When you specify Skinner, you get custom design plus 
outstanding service performance. Continuous testing in 
our labs and actual results in the field prove that Skinner 
valves have exceptional leakproof life. For complete infor- 
mation on Skinner’s line of 2-, 3- and 4-way valves, write 
us or contact a Skinner representative. Write Dept. 345 


Skinner Solenoid Valves are distributed nationally 


See us at the Design Engineering Show, Booth 708. 


VF 


¥v SKINNE 








ELECTRIC VALVE 
DIVISION ssnczre 


HAVE YOU CONSIDERED 
THE BENEFITS 


OF LOW COST emg CLOSED CIRCUIT TV 
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FOR YOUR ORGANIZATION? 


Lower production costs, improved quality control and inspection, 
smoother traffic flow, less labor waste, better safety conditions are just 
a few of the benefits offered by B-T industrial TV products. 


The B-T Observer TV camera offers effective closed circuit television 
at low cost. Now, with the exclusive B-T AUTOMATIC LIGHT 
COMPENSATOR, the camera operation is rendered completely auto- 
matic further broadening its scope in industrial applications. 


The Automatic Light Compensator automatically handles light varia- 
tions as great as 150 times, i.e., 5 to 750 foot candles or vice versa. De- 
spite wide and frequent changes in light intensity at the subject, it is 
now possible to observe a constantly clear, well-defined image on the 
viewing screen. This eliminates the need for manual or remote adjust- 
ment of lens iris or camera controls. 


B-T industrial TV extends the range of your vision beyond your office, 
or lab to remote, hazardous or inaccessible locations. Here are some 
industrial TV systems, now in operation, using the B-T Observer: 


@ A textile manufacturer links the design and embroidery machine de- 
partment located on different floors for quality and process control. 


@ A Pennsylvania steel mill watches furnace and rolling operations. 
Exclusive B-T Automatic Light Compensator overcame problem of 
sharp changes in light intensity at the subject. 


@ A midwestern cement manufacturer checks composition and flow of 
slurry into a kiln, preventing costly damage due to congestion. Saves 
$36.00 a day in manpower and material. 


@ A lumber company prevents log jam damage, also identifies wood 
types (proof of the clarity of the TV picture) by observing the bark 
structure. 


@ A Los Angeles utility has a multi-camera setup for flame control. 


A complete industrial TV system — B-T Observer TV camera, with 
f1.9 lens, B-T Automatic Light Compensator, one monitor (receiver), 
and cable — can be installed, ready to operate for under $2,500. 


There’s a qualified B-T distributor in your area with complete engi- 


neering facilities to serve your specific needs. For further information 
write to Dept. CE-5. 


BLONDER- TONGUE LABORATORIES, INC. 


9-25 Alling Street Newark 2, N.J. 
The largest manufacturer of TV Signal Amplifiers, UHF Converters and Master TV Systems 
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WHAT‘’S NEW 


(Continued from page 52 


net income $3,492,000 (under a 
method of inventory evaluation which 
reduces the reported book profits dur 
ing period of rising costs, but increases 
the cash generation by a reduction of 
Federal income taxes); capital down 
6.6 percent or $48,903,000. 


Beckman Computing Center 
Operating in Los Angeles 


Computation centers in the Los 
Angeles area are increasing. Latest 
big control firm to set one up there 
is Beckman Instruments, Inc., whose 
Berkeley Div. is operating the new 
center under George A. Bekey, man- 
ager and senior engineer. Problems 
relating to aircraft, missiles, jets, and 
industrial processes will be submitted 
by industrial, scientific, and educa- 
tional institutions throughout the 
Pacific Southwest. The Berkeley Div. 
is also at work on a new Boeing Air- 
plane Co. contract, which calls for an 
electronic computer able to solve up 
to six jet aircraft engineering prob- 
lems simultaneously. Delivery of the 
six-analog-computer system is sched- 
uled for June. 


Caltech Lab Gets Biggest 
Army Award: $21 Million 


The Caltech Jet Propulsion Labora- 
tory has received its biggest slice of 
Army funds since the government 
sponsored it as a rocket research unit. 
[he money, amounting to $21 mil 
lion for the calendar year 1957, brings 
the value of Army contracts for guided 
missile work to nearly $115 million. 
The laboratory, which was the birth- 
place of the Corporal missile, the first 
successful jet-assisted takeoff units, 
and the first two-stage rocket, the 
Bumper Wac, is also in line for a 
$6-million contract, coming soon. 


Texas Instruments Enters 
Xerographic Oscillography 


Texas Instruments, Inc., has been 
issued a license to manufacture and 
sell oscillographic equipment using the 
xerographic reproduction process de- 
veloped by The Haloid Co. of Roches 
ter, N. Y., which is proving successful 
in, among other things, increasing 
computer output speeds (CtE, Feb., 
p. 40). Patents on the process are held 
by Haloid, and by Century Elec- 
tronics & Instruments, Inc., which pio- 
neered its use in oscillography. 

The Houston company, which has 





CAKE MIX IN A‘JIFFY” WITH 


CY PAK 


Controlling automatic storage conveyors 
at Chelsea’s modern food plant 


Chelsea Milling Company, maker of well-known ‘“‘Jiffy’’ brand 
premixed foods, uses flexible CYPAK* static control to reduce 
material handling costs in their plant at Chelsea, Michigan. 
CYPAK begins at the mixing and packaging machines, 
memorizing the sequence of cartons going to the warehouse. 
Cartons are identified automatically, and then CYPAK directs 
storage according to the preselected pattern. 
Subsequent delivery of cartons from storage to dock is also 
completely predetermined, making the warehousing operation 
totally automatic. An additional benefit realized by Chelsea 
with this system has been great reduction in carton breakage. 
For complete information on CYPAK, call your Westinghouse 
representative, or write Westinghouse Electric Corporation, 
P.O. Box 868, 3 Gateway Center, Pittsburgh 30, Pennsylvania. 
*Trade Mark 
J-22033 


you CAN BE SURE...1F ITS 


is 4 
w”, 
> 


Westinghouse awe 


Mr. Lester L. Bosch, 





FOR 

DATA 
PROCESSING 
COMPONENT 
AND SYSTEM 


SPECIFY 
POTTER 


Potter instruments and systems 
are unexcelled in reliability, 
accuracy and flexibility. 

The equipment shown is typical 
of many more available as 
individual components or in 
integrated systems to meet 
specific requirements. 


Write for brochure describing 
these and other Potter units, 
including special products. 

For detailed technical 
specifications on any of the 

Poiter Products listed above, 
contact your Potter Representative 
or the factory. 


DATA-HANDLING EQUIPMENT 


Digital Magnetic 
Tape Handlers 





Perforated 
Tape Readers 





“Quick Look” Recorders 





~. 
~ 


Record- 
Playback 
Head 
Assemblies 





Preset Interval and Delay Generators 


HIGH SPEED ACCESS REGISTERS 


— 


Ten-Bit Parallel 
Output (Serial Input) Using Magnistors 





—"Y 


Ten-Bit Serial Output 
(Parallel Input) Using Magnistors 





Six-Bit Digital 
Comparator Using Magnistors 


match POTTER INSTRUMENT COMPANY, INC. 


ror A 115 Cutter Mill Road 
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Great Neck, L.1..N_ Y 








| WHAT’S NEW 


gained a handsome reputation in the 
semiconductor field, has established 
a new subsidiary near London, Eng- 
land, to be known as Texas Instru- 
ments, Ltd. It will manufacture and 
sell a full range of silicon and 
germanium semiconductor products, 
including transistors, diodes, and recti- 
fiers, in the United Kingdom. Man- 
aging director of the new enterprise 1s 
Dudley Saward, prominent in the Brit- 
ish electronics field. 


Air Motor Maker Joins 
Richardson at Geneva 


Richardson Scales $.A., the foreign 
concern formed in 1952 by Richard- 
son Scale Co. of Clifton, N. J., to 
manufacture and sell materials-han- 
dling equipment in Europe, has been 
joined in Geneva, Switzerland, by The 
Bellows Co. of Akron, Ohio, maker of 
air motors and other controlled-air- 
power devices. The result is a new 
company, Richardson-Bellows S.A. It 
marks, said Presidents Ingram Rich- 
ardson and Herbert B. Link, “a sig- 
nificant forward step in the develop- 
ment of an international industrial 
picture. It represents a trend that will 
serve to combine the best aspects of 
American technology and industry 
with the continually expanding Euro 
pean market.” 

Managing director of the new com 
pany is Louis Perrin, a Swiss engi 
neer. 


Other Developments 


> Logistics Research, manufacturer of 
Alwac electronic data processing sys 
tems, has changed its name to Alwac 
Corp., a title which “will provide bet- 
ter identification with the company’s 
products and services, which all bear 
the Alwac name”. Concurrent with 
the change, the company moves into 
two new buildings in Hawthome, 
Calif., where a new computing and 
training center shares 70,000 sq ft 
with larger manufacturing facilities 
> Another company that has changed 
its name is Air Associates, Inc., which 
henceforth will be known as Elec- 
tronic Communications, Inc. A new 
emphasis on electronic research and a 
change of location (from Teterboro, 
N. J., to St. Petersburg, Fla.,) accom- 
pany the change. The name Air Asso- 
ciates will be retained for an ECI 
aviation supplies division. 
> New divisions and departments have 
been formed in recent weeks by: 
Atlantic Research Corp., whose new 








Today one of industry's most formidable tasks is to 
streamline and shorten the time-consuming process 
that transforms ideas into exciting new products. 

Never in man’s history has this embryonic period 
needed to be shortened more than now—when tech- 
nological superiority could very well be the world’s 
best hope for peace. 

And nowhere is this challenge being met more 
energetically than in the development and produc- 
tion of automatic control systems at AUTONETICS. 
A whole new breed of electronic and electro- 
mechanical tools and techniques is being evolved 
to shorten lead time. A notable example is Numill, 
AUTONETICS’ new tape-directed numerical machine- 
tool control system. Numill is entirely digital, and 
can convert a numerical engineering description 
into a prototype configuration—quickly, economi- 
cally and with consistent accuracy. 

Standardized “postage-stamp” circuits allow 
engineers to mockup even highly advanced designs 


AUTOMATIC CONTROLS MAN 





Man’s electro-mechanical partners are bringing his 
ideas to life faster...better...at less cost 


almost as simply as they would plug in an electric 
shaver. And AUTONETICS’ data processing equip- 
ment can simulate a wide range of operational 
missions, as well as solve the most involved mathe- 
matical problems in minutes instead of days. 

AUTONETICS ability to save time and money 
between concept and product delivery is reflected 
in every area of its electro-mechanical technology: 
flight controls, inertial navigation, armament con- 
trols, computers, and other complete systems for 
the military and industry. 

For detailed information, or for employment 
in this dynamic field—write: AUTONETICS, Dept. 
CON-73, 9150 E. Imperial Hwy., Downey, Cali- 
fornia. 


Autonetics 4) 


A DIVISION OF NORTH AMERICAN AVIATION, INC 
HAS NEVER BUILT BEFORE 


MAY 1957 
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°*** tolerance 


Without quibble or qualification, a Meriam 
Manometer delivers perfect reproducible 
accuracy. This accuracy is absolute... no 
plus, no minus. Right on the button. 

The same differential will always produce 

the same column height. Not close to the same 
height, but exactly the same height. 

Other instruments struggle to come close. 

In a manometer, perfect reproducibility is 
inherent. It is routine . . . effortless. 

How closely do you wish to “read-out” 

this perfect reproducibility? There are over 
one thousand different Meriam Manometer 
forms to answer this question. Sensitivity is 
selective, depending on the indicating fluid 
used. For example, one form of Meriam 
Inclined Manometer, using water, will 

provide graduations a full tenth of a linear 
inch apart, equal to 0.0005 psig. 

Most important, Meriam has placed this perfect 
reproducible accuracy at the disposal of 

the plant operator as well as the lab technician. 
Rugged models serve along process lines 
outdoors as well as on central control panels. 


NEW 


+» + complete and informative guide to 
manometer theory and practice as well 
as manometer models for plant, field and 
laboratory use. Just ask for Bulletin G-14- 
The Meriam Instrument Company, 10920 
Madison Avenve, Cleveland 2, Ohio. 


—>¢— 
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MERIANM MANOMETERS 
always accurate 
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WHAT’S NEW 


Western Div., under director Joseph 
Philipson, is the first branch unit 
established to serve particular geo 
graphic areas. Headquarters are at 
Pasadena, Calif. Other key men in 
the division: Howard H. Niederman, 
formerly with Aerojet-General Corp., 
and J. Russell McGibbeny, formerly 
with U.S. Flare Corp. & Associates. 

Topp Industries, Inc., whose new 
HRB-San Diego Laboratories Div. has 
opened an R&D facility in San Diego 
under Benjamin R. Gardner Jr., 
engineer with Haller, Raymond & 
Brown, Inc., a ‘Topp _ subsidiary 
Gardner, formerly president of Tech- 
niques, Inc., has also been with Con- 
solidated Vultee Aircraft Corp. and 
the U.S. Army Air Corps in radio 
countermeasures work. 

North American Mfg. Co., whose 
Hydraulic Controls Div., under Clark 
E.. Hague, director of engineering, will 
concentrate on a high-gain hydraulic 
amplifier for pressure regulation, flow 
control, edge guide, process control, 
and other applications requiring sig 
nal amplification. 
cently was president of Hague Regu 
lator Co. Before that he was with 
Askania Regulator Co. 

Vickers, Inc., which continues a 
program of decentralization with these 
four new divisions: Aero Hydraulics, 
under General Manager Ben W 
Badenoch; Machinery Hydraulics, un 
der General Manager M. A. Hayden; 
Mobile Hydraulics, under General 
Manager Ray Conner; and Interna 
tional, under R. E. Esch 

Induction Motors Corp., which 
sect up a West Coast Rotating C¢ 
ponents Div. under PSP Engineeri 
Co. of South Gate, Calif., a n 
sidiary. Special emphasis 
on military-type synchro 
and rotating component 

Bendix Computer Div., whose new 
Digital Computation Laboratory at 
Los Angeles, under Tak Yamashita, 
will do analysis work, programming, 
and machine computation fo 
customers. On hand are two Bendix 
G-15 general-purpose computers, a 
DA-1 digital differential analyzer ac- 
cessory, magnetic-tape units, punched- 
card input-output equipment, and a 
paper-tape preparation unit 

Burroughs Corp., whose Interna 
tional Div., under Vice-President Ray 
W. Macdonald, will have charge of 
all marketing operations outside the 
U.S. and Canada, as well as certain 
manufacturing and engineering facili 
ties in England, Scotland, France, and 
Brazil. Working with Macdonald will 
be General Mfg. Manager Robert A. 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


ENGINEERING NEWS:4 


t4 “ae 
FOOT SWITCHES 
SIMPLIFY COMPLEX 
SWITCHING PROBLEMS 


For many control operations, the foot 
is often quicker than the hand and a 
whole lot more convenient—especi- 
ally where many switches must be 
attended or where the operator’s 
hands must be freed for other more 
exacting chores. 

Foot switches can often handle 
heavy-duty multiple-pole, 2 or 3-posi- 
tion switching more reliably, more 
conveniently, and with decided sav- 
ings in panel space compared to hand- 
operated switches or relay circuits. 

The two Hetherington Foot-oper- 
ated Switches illustrated can sup- 
plied in a wide number of single and 
double-pole circuit arrangements with 
ratings up to 15 amps, 115 volts ac. 
Sturdy aluminum frames have a non- 
skid abrasive compound on treadles. 


THE SWITCH WITH 


THE 1,800 PIECE 


Take any Hetherington “JR”- 
Series Switch, screw on any of 14 
anodized aluminum adapters such 
as those above, and you have a to- 








SPACE-SAVER LIGHTS 
for Standard or Edge-Lit Panels 


Only 114 inches from terminal to lens, 
these tiny indicator lights give bright 
and moderately wide-angle visibility 
in minimum front-panel area. Col- 
ored plastic lenses unscrew from the 
front for quick replacement of 
AN3140 lamps; 6, 14, 18, or 28 volts. 


One-piece terminal and contact as- 
semblies are solidly molded as an in- 
tegral part of the assembly. Lamp 
circuits cannot be broken by pulling 
on the terminal. 


Full details on Hetherington Series 
L1000 (for regular panels), or Series 
L2000 (for remy a -lit aircraft panels) 
are in Bulletin 


HETHERINGTON INC. 1200 ELMWOOD AVE., SHARON HILL, PA. © 139 Illinois St 


...for jobs where a better switch is far-sighted economy 





JET-AGE RELAYS 
Meet Tough Shock 
and Vibration Specs 


Designed originally to withstand the 
extreme shock, vibration, and high 
temperatures of high altitude aircraft, 
missiles, and rockets, these Hether- 
ington G-Series Relays have proved 
remarkably successful and econom- 
ical for many less exacting earth- 
bound applications as well. Typical 
aircraft types with up to 6 single- 
throw or 4P-DT contacts, withstand 
20G vibration at over 500 cycles. Tem- 
perature barriers have been raised to 
600°F in many specific types. Single 
and multiple-unit assemblies are 
available in a variety of open, dust- 
proof, and hermetically-sealed types 
with contact ratings up to 10 amps. 


Industrial models for less critical 
applications are available at corres- 
pondingly lower prices. 


Details are in Bulletin R-1. 





WARDROBE 














tally different unit . . . in style as 
well as in mounting characteristics. 


Most adapters can be furnished 
with any of 2 or 3 different auxil- 
iary push buttons to meet individ- 
ual requirements. In addition, any 
of 7 or 8 colors can be added to 
either or both the adapter or button 
—making a total of more than 1,800 
possible combinations for each of 
the six basic switch circuits. 

Adapters range from standard 
flange-mounting types to force-fit, 
blind-hole, and molded stick-grip 
types. Many can be engraved in 
14-inch letters to indicate switch 
function. 

“JR”-Series Switches use the 
positive Hetherington snap-action 
mechanism rated for 17 amps at 28 
volts de, or UL Inspected for 15 
amps at 115 volts ac. 

Complete ratings, specifications 
and dimensions of all switches and 
adapters are shown in Bulletin S-5. 








WHEN YOU NEED SWITCHES 
IN A HURRY 


Small quantities of many Hetherington prod- 
ucts are now stocked for same-day delivery on 
both the East and West Coasts. See your local 
Hetherington sales engineer for an up-to-date 
list of stock items. 
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HOLTZER 
-CABOT 


Instrument 
Control 
Motors 


The R-24 4-pole induction 


i ‘otation, 
with reversible role” 
motor, wide variety 


daptable to 4 
Sr opplications Typical uses “ 
in servo mechanisms; as a a8 
ancing motor in nar ins 

ts, and as a con 
a. voltage reguiators- iw 
operated 2 phase, if can 

ed electronically; it can 


controll 
also be run single phase 95 a 


ermanent split capacitor seg 
Specifically engineere yy 
operate effectively with pr 
engineering appent” tt 
available with gear-train. ak: 
coupon below for additi 


information. 
: ., info 


HOLTZER-CABOT MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. 
125 Amory Street, Boston 19, Mass. 


GENTLEMEN: () Please send me data sheets on the 
Holtzer-Cabot R-24 Motors. 


© Please have representative call on 
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Atkins, now 
manufacturing. 
Stromberg-Carlson, whose new de- 
velopmental cathode-ray tube facility 
in San Diego, under Howard W. Gross- 
bohlin, head of the Tube & Com 


in charge of overseas 


ponents Engineering Dept., is said to 
be the first of its type on the West 
Coast. Much of the work at San 
Diego will involve refining models of 
the Charactron shaped-beam tube, one 
version of which is used in SAGE. 


IMPORTANT MOVES BY KEY PEOPLE 


Hilberry Named Director of 
Argonne National Laboratory 


Among the 41 people present in 
the University of Chicago’s Stagg 
Field on Dec. 2, 1942, when the first 
controlled nuclear chain reaction in 
history took place, was Norman Hil- 
berry, who was then working in the 
university's Metallurgical Laboratory 
as assistant to Arthur H. Compton. 
Hilberry had come to the project the 
year before from the physics faculty 
of New York University, which he 
had joined in 1925 as a specialist in 
cosmic rays and applied physics and 
engineering. In 1946 the Chicago 
Laboratory was taken under the wing 
of the Manhattan District, which 
changed its name to Argonne Na- 
tional Laboratory and turned it over 
to the AEC. At the same time Hil- 
berry was appointed deputy director 
under Director Walter Zinn. 

Last June Zinn resigned, and the 
laboratory was left without a director. 


| apeaen) 


O. C. Bowers 


W. G. Driscoll 


Bruce Seddon 


But the position he vacated was an 
important one, and Argonne felt 
obliged to rule out any hasty decision 
on a successor. Just recently, after 
nearly a year of deliberation, UC’s 
Chancellor Lawrence A. Kimpton an 
nounced that Norman Hilberry was 
the man for the job. . 

Hilberry has played key roles in 
other nuclear projects besides the one 
at Argonne. Among them: the first 
pilot plutonium-producing reactor at 
Oak Ridge, Tenn., the plutonium 
plant at Hanford, Wash., the UC 
cosmic ray expedition to Peru and 
Brazil in 1941, the first studies on 
the life of the mesotron (with Bruno 
Rossi and others). 


Other Important Moves 


> After six and a half years in the 
east, where he served as R&D engi- 
neer with Foster Engineering Co. and 
instrument consultant to Ebasco 
Services, Chester §. Beard, an author- 


D. E. Brown 


W, M. Pierce Jr. 





of this 
Differential 
Voltmeter 


A chopper amplifier extends the range of this null- 
reading VTVM down to 0 + 0.01 DC volt. An 
Airpax Type 175 chopper modulates the input signal 
at 60 CPS so that it can readily be amplified and 
then the chopper synchronously rectifies the signal Contacts 

and returns it to the DC portion of the meter. Dwell Time - 167 + 10 electrical deg. 


Drive 


Frequency - - - - = 60 +3 CPS 
Voltage - - - 6.3 +0.6 RMS volts 


Here is another example of how a reliable chopper Balance - - within 15 electrical deg. 
helps provide the stability essential to modern Phase angle - 20 + 5 electrical deg. 
electronic equipment. This particular instrument is Voltage - - - up to 100 DC volts 
one of the precision laboratory meters developed by Current - - - - = = upto2MA 


John Fluke Manufacturing Co., Seattle, Washington. — oe - ade en 
7 - . “<<. = « J 
Type 175 chopper is one of the Airpax family of =F 


miniature choppers. For full details just write to Hermetically sealed for trouble-free 
Operation in any atmosphere, 


humidity, or altitude. 


MIDDLE RIVER « BALTIMORE 20, MD. 





BOWMAR 


a a a © 


ELECTROMECHANICAL ASSEMBLIES 














FUEL CONTROL 
ASSEMBLY 


SPEED REDUCER 


2216 
LONGITUDINAL 
COUNTER 


Illustrated above is a seven-stage servo 
storage unit designed and built by Bow- 
mar Instrument Corporation in its Fort 
Wayne engineering and manufacturing 
plants. It is one of many such ultra- 
precision assemblies created by Bowmar 
for use in military and industrial control 
systems. Here is one more example of 
Bowmar’s skill and experience in the 
control instrumentation field . . . one 
more reason why more firris are using 
Bowmar’s facilities for their most serious 


projects. 


Manufacturers of 


PRECISION ELECTROMECHANICAL ASSEMBLIES, PRECISION 
SPEED REDUCERS, GEAR HEADS AND MECHANICAL COUNTERS 


~ 


SEND FOR BROCHURE 


‘3 phase, 
rx 
“oe INSTRUMENT CORP. 


2200 PENNSYLVANIA STREET e FORT WAYNE, INDIANA 


190 CONTROL 


ENGINEERING 





WHAT’S NEW 


ity on instrumentation and controls, 
returns to the West Coast as head 
of the Controls, Valves & Actuators 
Engineering Div. of General Controls 
Co. Beard, whose headquarters will 
be at the company’s Western Re- 
search & Development Center in 
Glendale, Calif., is back in familiar 
territory: before leaving for the east, 
he had been with some half-dozen 
California companies, including Per- 
manente Metals, Inc., Southern Calli- 
fornia Gas Co., and Bechtel Corp. 
An active man in the ISA, he has 
been national vice-president of the 
Northeast District and president of 
the New York and the Northern 
California Sections. He is also a writer 
on his field: one book, on control 
valves and actuators, will be published 
shortly; another, on regulators, is in 
preparation. 

> Orrin C. Bowers, the new chief 
engineer of BJ Electronics, comes to 
the Borg-Warner facility from The 
Ramo-Wooldridge Corp, where he 
had been projects manager of the 
Electronic Instrumentation Div. Be- 
fore that he was a divisional chief engi- 
neer of Packard-Bell Co. 

> Donald E. Brown, who takes over 
as chief engineer of the Glendale Div. 
of Consolidated Electrodynamics 
Corp., was with the Johns Hopkins 
Applied Physics Laboratory and Vitro 
Corp. before joining CEC a year ago 
as a specialist in advanced electronic 
techniques. His division is the formez 
R. A. Castell & Co. 
P As vice-president for research at 
Baird-Atomic, Inc. (formerly Baird As- 
sociates-Atomic Instrument Co.), Wal- 
ter G. Driscoll will continue to handle 
the duties associated with his previous 
position, that of director of research. 
He came to the company in 1954, 
bringing with him experience gained 
in several government research labora- 
tories. 
> Wayne M. Pierce Jr., who fills the 
newly-created post of vice-president 
for engineering and manufacturing at 
Norden-Ketay Corp., has been with 
the company since 1951, when he left 
Tey Mfg. Corp., now Skyworker 
Corp. of Milford, Conn., which he 
helped found. Before that he was 
with Chance Vought Aircraft Corp. 
> Bruce Seddon, who has an impres- 
sive background in magnetic amplifiers 
and semiconductors and their applica- 
tions in electronic control systems and 
circuits, has been named technical di- 
rector of George A. Philbrick Re- 
searches, Inc. 

> Two foreign scientists, both au- 
thorities on microwave tubes. have 





The growing importance of 
DIGITAL TECHNIQUES 


As recently as ten years ago it was just becoming 
evident that digital techniques in electronics were 
destined to create a new and rapidly growing field. 
Today, incorporated in electronic computers and 
other equipment, they constitute one of the most sig- 
nificant developments in scientific computation, in 
electronic data processing for business and industry, 
and in electronic control systems for the military. In 
the near future they are expected to become a major 
new factor in industrial process control systems. 


The digital computer for scientific computation is 
becoming commonplace in research and development 
laboratories. Such machines range from small spe- 
cialized units costing a few thousand dollars, to large 
general purpose computers costing over a million 
dollars. One of these large computers is a part of the 
Ramo-Wooldridge Computing Center, and a second 
such unit will be installed the latter part of this year. 
The digital computer has not only lightened the com- 
putation load for scientists and engineers, but has 
made possible many calculations which previously 
were impracticable. Such computers have played a 
major role in the modern systems engineering 
approach to complex problems. 


Electronic data processing for business and industry 
is now well under way, based on earlier developments 
in electronic computers. Data processors have much 








in common with computers, including the utilization 
of digital techniques. In this field, teams of Ramo- 
Wooldridge specialists are providing consulting serv- 
ices to a variety of clients on the application of data 
processing equipment to their problems. 


The use of digital techniques in military control 
systems is an accomplished fact. Modern interceptor 
aircraft, for example, use digital fire control systems. 
A number of Ramo-Wooldridge scientists and engi- 
neers have pioneered in this field, and the photograph 
above shows a part of an R-W-developed airborne 
digital computer. 


These, then, are some of the aspects of the rapid 
growth which is taking place in the field of digital 
techniques. Scientists and engineers with experience 
in this field are invited to explore openings at The 
Ramo-Wooldridge Corporation in: 


Automation and Data Processing 

Digital Computers and Control Systems 
Airborne Electronic and Control Systems 
Guided Missile Research and Development 
Electronic Instrumentation and Test Equipment 
Communication Systems 


The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET LOS ANGELES 45, CALIFORNIA 





New Wonders of 
CONTROL 
in Operation at 
GUARDIAN’s 
BOOTH NO. 574 


Electronic Parts Show 


@ Connect up a Guardian RELOID in your circuit and you 
have a control that carries U.L. approval for appliance 
assemblies. In a special version the Guardian RELOID 
carries U.L. approval marking as a 4 H.P. Industrial Motor 
Starter. Guardian RELOIDS are totally enclosed to resist 
impacts, dust and moisture—compact to save space—sturdy 
to outlast your product—flexible in application—priced 
extremely low. 

COlL—Standard Voltages: Available for operation at 6 to 230 volts, 
60 cycles A.C., or 6 to 110 volts D.C. Frequency: Standard 60 cycles. 


Available 25 to 60 cycles upon specification. Terminals: Standard, two 
male A.M.P. terminals. 


CONTACTS —Rating up to 8 amperes at 115 volts, non-inductive. 
Combination: specify either single pole, single throw, or single pole 
normally open or normally closed. Insulation: Molded bakelite, tested at 
1,500 volts, 60 cycles. Terminals: Three contact leads plugged -with 
molded bakelite. Specify either A.M.P. or Douglas type terminals. 


GUARDIAN POWERLOID GUARDIANscxes2100-U 
25 Ampere 
py non paps 9, POWER RELAY 
Motors and 8400 Watt ‘¢ @ INTERCHANGEABLE COIL . 
Heater loads. Totally : e@ NO SOLDER 
enclosed. Low priced! CONNECTIONS 
REQUIRED! 


built to 
U/L specificotions 


wute— on your company letterhead to arrange for a Pro- 
duction Sample of Guardian’s Reloid. Get literature 
on Guardian Relays, Steppers, Solenoids, Switches. 


GUARDIAN W ELECTRIC 


1623-F W. WALNUT STREET CHICAGO 12, ILLINOIS 
‘Everything Under Control”’ 
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joined Varian Associates. ‘They are: 
Alfred Prommer, an Austrian, who has 
been with the German firm of Sie- 
mens & Halske, and Ronald Bell, a 
Briton, who comes from General Elec- 
tric’s Wembly Laboratories, and the 
Naval Scientific Service, both in Eng- 
land. Prommer, who will work under 
Varian’s Wellesley Dodds, head of 
the Wave Tube Development Dept., 
is an associate of the IRE; Bell’s chief 
will be William McBride, head of 
klystron development. 

PA realignment of its corporate 
structure, designed to free top execu- 
tives for broader responsibilities, has 
resulted in the following changes, 
among others, at Northrop Aviation, 
Inc.: Robert R. Miller, vice-president 
and general manager, expands his 
V-P duties under the new setup while 
limiting his managerial chores to the 
Northrop Div., the aviation and mis 
sile development arm at Hawthorne, 
Calif.; T. V. Jones, director of devel- 
opment planning, moves up to cot 
poration level as vice-president of 
corporate development planning; Wil- 
liam F. Ballhaus goes from chief en- 
gineer of the whole company to vice 
president and chief engineer of the 
Northrop Div. 

> Charles A. Nuebling, the new 
manager of engineering of Fairchild 
Controls Corp.’s Electronics Div., has 
been with the Arma Div. of American 
Bosch Arma Corp., W. L. Maxson 
Corp., and Sperry Gyroscope Co. He 
has also had his own business. 

> Among the former affiliations of 
O. A. Wright, named engineering 
manager of Actuation Research Corp., 
are Lockheed Aircraft Corp. (engi 
neer, Missile Systems Div.), Hydro- 
Aire, Inc. (chief design engineer, 
chief research engineer), and Weath- 
erhead Co. (acting chief engineer). 

> George C. Meibuhr moves up 
from chief engineer to vice-president 
for engineering at Automation Devel- 
opment Corp. 

P Orville M. Dunning, who has 
been director of the Engineering & 
Production Div. of Airborne Instru- 
ments Laboratory since 1955, has 
been elected a vice-president. He 
came to the company from Hazeltine 
Electronics Corp., where he was vice- 
president for engineering. 

> Federal Telephone & Radio Co. 
has appointed Max Enderlin, formerly 
aircraft program director, chief engi- 
neer in the Semiconductor Div. En- 
derlin, who joined Federal in 1943, 
is a former chairman of the AIEE’s 
New Jersey Div. 

P Hollis L. Gray Jr., engineering 





the ONE-WAY ** 
IMPULSE SWITCH 


for AIR-HYDRAULIC CONTROLS 








Eliminates Interlocking 
Switches and Compli- 
cated Actuating Dogs 


SIMPLIFIES CIRCUITS 


Only two Electro-Snap Impulse Switches and a double 
solenoid valve are needed to automatically open and close 
the air vise on this drill press, for example. Work posi- 
tioned against Impulse Switch “a” closes vise by pulsing 
and momentarily energizing solenoid circuit “A”. Rais- 
ing drill after use operates second Impulse Switch “b” to 
pulse solenoid circuit “"B” and open vise. No interlock 
switches, timers or relays. 


MORE DEPENDABLE CONTROL 


Troublesome one-way dogs can be eliminated. . eo 
cams and long actuating travel are not required. No 
delicate adjustments. 


EXCLUSIVE ACTUATOR LETS YOU DO 
THINGS YOU NEVER COULD BEFORE 





(1) Push the actuator plunger this far and switch 
completes a circuit. 


(2) (OnPeriod)—Circuit remains closed as plunger 
is pushed through position 2. 


(3) (Overtravel)—Circuit is opened and remains 
open for rest of plunger forward travel. 


(4) Switch is not tripped on plunger return. Cir- 
cuit stays open. 











ator plunger. 


Pretravel 0.05”. 
M » Diss tial 0.022”. 
Operating Force 31% Ibs. 








SPECIE PICATIONS 


Heusing—Switch and actuating mechanism enclosed in 
diecast case. Splash-proof boot protects actu- 


Wire Outlet—integral conduit boss with standard 1,” 
—14 standard pipe thread. 


Mounting—Two No. 8 screws through case. 
Capacity—UL rated at 10 amps, 125/250v AC. 


LOWER COST, LOWER MAINTENANCE 


With Impulse Switches, fewer switches are necessary. 
Electro-Snap Impulse Switches are $12 to $25 cheaper 
than timers and other switches which can do the same 
job. Simplicity of controls makes maintenance easy. You 
don’t need engineers or electronic specialists. 


FASTER AUTOMATIC OPERATION 


Automatic machines can run faster because cycles can be 
more closely sequenced. There’s no delay due to timer 
tolerances or extra machine motions to actuate interlock 
switches. 


TRY THIS SIMPLE pie 50 
ON YOUR CONTROL JOB 


cA 


RDER 


On Period (or in. 


MODEL NO. of plunger travel) 








ES4-KM1 1/16” 





ES4-KM2 1/8” 





ES4-KM3 1/4” 3/16” 





ES4-KM6 1/16” 3/8” 





ELECTRO-SNAP SWITCH AND MFG. COMPANY 


4228 WEST LAKE STREET 


CHICAGO 24, ILLINOIS 


MAY 1957 








BIG PLUS in PRECISION POTS 


RL-270A-1% Precision Poten- 
tiometer one of five sizes from 
1%” to 5” diameter. Non- 
metallic housing has high dimen- 
sional stability, withstands —70F 
to + 300F. 


RL-270A-5 is the largest in the 
Bive Line series. As with others, it 
is vsvally wpplied with 3-hole 
mounting. Servo and threaded- 
bushing type mountings are avail- 
able. Also many special features 
send us your requirements. 


RL-270A and B Series ovail- 
able in many special variations. 


RL-270B-2 shows ganging which 
is avoilable on all RL-2708 
models. Gomewell design re 
quires only %” per section, and 
external clamps provide unlimited 
phasing. 


=< 


Special RL-270A-S with 48 
tops, shows maximum number. 
Allows 47 equol resistance 
sections, while maintoining gvar- 
onteed linearity of +0.1% 
Total resistance of 500,000 
ohms, resolution of 0.0075%. 


THE GAMEWELL COMPANY 
Newton Upper Falls 64, Mass. 


Write for catalog and specifica- 
tions and prices on your specific 


requirements. 


ASCOP SAMPLING SWITCHES 


For Automation and 


ASCOP, the leading manufacturer of rotary 
sampling switches, for industrial, scientific and 
military uses, has over 200 standard models 
for automation, instrumentation, telemetering, 
display and countless other applications. 


Control Applications 


ASCOP switches feature reliability, accuracy 
and trouble free operation. Up to 240 con- 
tacts per pole are available. Whether your 
problem requires a standard switch or a special 
design, rely on the leader... 


APPLIED SCIENCE CORP. OF PRINCETON 


P.O. Box 44, Princeton, N.J. © Plainsboro 3-414] 


1641 


THE LEVER YOU MOVE THE WoRto 
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sales manager of ‘Technology Instru 
ment Corp., has been named a vice- 
president. He is a CtE author (July 
56, p. 80). 

> Designers for Industry, Inc., the 
Cleveland research and engineering 
outfit that is reputed to take on any- 
thing, has named two project man- 
agers who have done work in the 
control field. They are: B. D. Frede- 
rico, contributions include 
high-power coaxial switches, a linear 


whose 


T. H. Smith B. D. Frederico 


electron accelerator, a digital com 
puter, and a panoramic receiver, and 
Ted H. Smith, who is responsible 
for an aircraft communications sys- 
tem, a fully automatic fire control test 
set, and a peak-power radar modulator. 
Frederico formerly was with Bird Elec- 
tronic Corp. and General Motors’ 
Fisher Body Div., Smith with Vic- 
toreen Instrument Co. and Industrial 
Industries, Inc. 

> The Helipot Div. of Beckman 
Instruments, Inc., has expanded its 
engineering executive staff to handle 
several new product lines. Spotlighted 
are Albert Diamond, named chief en- 
gineer of the new Rotating Equip- 
ment Dept.; Stanley Schneider, 
named chief research engineer: Fred- 
erick Marsh, chief customer engineer, 
and James F. Gordon, chief develop 
ment engineer. Diamond comes to 
Helipot from Kollsman Instruments 
Co., Marsh from GE’s Aeronautic & 
Ordnance System Development Dept. 
it Schenectady, N. Y.; Schneider and 
Gordon move up from other positions 
in Helipot. 

> Frank Beardsley leaves Summers 
Gyroscope Co., where he has been 
chief engineer, to join the Automatic 
Controls Div. of Clary Corp. He has 
also been with Caltech’s Jet Propul- 
sion Laboratory, the Aerophysics Lab 
oratory of North American Aviation, 
Inc., and Collins Radio Co. 

> Robert P. Peterson, a physicist 
with wide experience in the field of 
atomic energy, has been elected presi- 
dent of Applied Research, Inc. He 
comes to the company from Republic 
Steel Corp., where he was director of 





Specify & COILED CORDS 


... add important convenience 
and safety features to 
your equipment! 


Cords Limited COILED CORDS are 
engineered for specific application! 


Coiled Cords, first choice in the communications industry, find numerous 
important applications in other fields! In addition to user convenience, 
Cords Ltd. Coiled Cords provide a safety factor preventing costly industrial 
accidents. Maintenance-wise, Coiled Cords give much longer service than 


straight cords by eliminating common abuses that shorten serviceability. 


Product Data: A leader in the development of Coiled Cords, Cords 
Limited is a major supplier of this product to the telephone and communica- 
tion industries. Coiled Cords are engineered for specific applications. Special 
oil, acid and moisture resistant properties of the jackets protect the product 
under unusual conditions. The most modern molding facilities for plug and 
conductor termination are available at Cords Limited to serve your needs 


quickly and economically! 


WRITE TODAY for complete details... your quotation 





requests will receive immediate attention! 


“EE 


other outstanding 
*ESSEX ENGINEERED 
production proven products 


GENERAL PURPOSE RELAYS 


A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-bar contacts for low-voltage, 
low current circuits or button type contacts for 
power switching circuits. Request Bulletin 
No. 1060. 
R-B-M “Control” Division 
Logansport, Indiana 


WIRE AND CABLE 


A full “Extra Test’” line of lead, appliance, 

automotive and refrigeration wires, plus sub- 

mersible pump cable and 200° C. Sil-x* 

insulations are examples of the versatility of 
“Essex Engineering’. 

Wire and Cable Division 

Fort Wayne, Indiana 


CORD SET DESIGN AID 


The CORDINATOR’, a time-saving engi- 
neering tool, features simplified charts show- 
ing approved wire by product types. Dial 
side permits visual fabrication of cord sets 
and power supply cords. All components 
standard approved ... minimizing cost... 
assuring scheduled delivery. Write for your 
free CORDINATOR. 
Cords Limited Division 
DeKalb, Illinois 





@) ® 


CORDS LIMITED DIVISION 


ESSEX WIRE CORPORATION 
DeKalb, Illinois 





ESSEX 


WIRE CORPORATION 





Frequent time adjustments are no problem with the dial head 
available on AGASTAT time/delay/relays. They provide a com- 
plete range of adjustment with 1 revolution of the dial. Dial 
markings permit easy calibration for accurate adjustment. And 
you can spot each of the 4 timing ranges quickly because they 
are color coded: blue from 30 seconds to 15 minutes; red from 
10 seconds to 2 minutes; yellow from 0.1 to 10 seconds; white 
from 0.1 to 3 seconds. 

Like all AGASTAT relays, units with dial heads are sole- 
noid actuated, pneumatically timed. Each model is available 
with either dial head or needle valve adjustment. Where fre- 
quent readjustment of timing is necessary, dial head adjustment 
should be specified. For bulletin on all popul: ir AGASTAT time 
delay relays, write to: Dept. A28-520. 


Elastic Stop Nut Corporation 
of America 





1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 





TEMPERATURE INDICATORS 


Precision-built indicators provide accurate 
gh keno readings. 


Low-cost protection ... due to large, spe- 
cialized production. 


Wide selection of dial ranges to meet spe- 
cific requirements. 


Choice of stock types available as shown. 


Send for new catalog, describing many 
thermometer styles. 


THE ELECTRIC AUTO-LITE COMPANY MODEL “G” 


y, Pe Select the typ 
eee wg DIVISION UE that bar icns ag me 


purpose. 3' 
NEW YORK + CHICAGO + SARNIA, ONTARIO calibrated scales 


MODEL G5 
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nuclear research. Before that he was 
chief of the industrial and production 
reactors branch of the AEC’s Reactor 
Development Div. and director of re- 
search for Sandia Corp. 

> G. A. Walley takes over as chief 
engineer at Alhambra, Calif., for 
Panellit, Inc. He was formerly senior 
project engineer. 

> Teller Co.’s new chief engineer 
for its Special Machinery Div. is 
Charles L. Zoltani, formerly with 
H. H. Robertson Co. and Babcock & 
Wilcox Co. 

> Harold M. Cherry, formerly 
senior vice-president, succeeds the 
late George L. Nankervis as president 
of the George L. Nankervis Co. 

> Engineered Magnetics Div. of 
Gulton Industries, Inc., has named 
Bert McComb, formerly with The 
Ramo-Wooldridge Corp., chief engi- 
neer. He is an authority on magnetic 
amplifiers. 
P Allen C. Bradham, the new chief 
engineer in the Penn Instruments Div. 
of Burgess-Manning Co., joined the 
division in 1947 and most recently 
was production engineer. 
> Bendix Aviation Corp. has filled 
top-level vacancies in its new Systems 
Div. with the following men: Winston 
E. Kock, named chief scientist in 
charge of surveillance and detection 
systems work; John D. Trimmer, who 
will take charge of nuclear systems 
development; Jay E. Browder, who 
will steer work in electronic counter- 
measures, and William Hampton, who 
will direct weapons systems projects. 
Kock, inventor of the microwave lens 
antenna, was formerly director of 
audio and video systems research for 
Bell Telephone Laboratories; ‘Trim- 
mer comes from the University of 
Tennessee, where he had been a pro- 
fessor of physics; Browder was formerly 
chief of the radio communications en- 
gineering section of Kollsman Instru- 
ment Corp.; and Hampton headed 
weapons systems operations at Good- 
year Aircraft Corp. 
> New engineering executives of Syl- 
vania Electric Products’ Microwave 
lube Laboratory in Mountain View, 
Calif., are: Louis H. La Forge Jr., 
manager of engineering; Daniel H. 
Goodman, manager of research and 
advanced development; and Lefler H. 
McKee, manager of product design 
and development. La Forge joined 
Svlvania in 1956 after work with 
Westinghouse, Bell Telephone Labo- 
ratories, Raytheon Mfg. Co., and 
Eitel-McCullough, Inc.; Goodman in 
1953 from the University of Califor- 
nia’s Microwave Tube Laboratory, 
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three-part pack brings you 
three-way gains! 


Output increases, costs drop, quality climbs—with 
these General Electric fast-assembly components! 


HETHER your domain is automobile dashboards, 

radio and TV receivers, temperature controls, or 
what-have-you, the three units in this free new Sample 
Test Kit can point the way to big advantages in product 
improvement and manufacturing economy! 


Here’s what you'll get... 

1. ENCAPSULATED R-C Network... 

This new G-E development is actually several compo- 
nents in one unit, with performance comparable to indi- 
vidual components. Its thin ceramic plate, with a variety 
of resistor and capacitor patterns and their leads applied 
to customer requirements, is encapsulated in a compact, 
uniform phenolic case. This unit thus cuts space and 
solder requirements under those for individual compo- 
nents, in such applications as coupling, pulse-forming, 
and R-C filter networks. The encapsulation feature pro- 
vides excellent resistance to humidity and corrosive 


agents, and the uniform size and surface of the case is 
especially suited for mechanized placement. 





2. “THRU-CON” Print Wire Board... 

With this advanced print wire, you can design a compact 
wiring pattern on both sides of the board without the 
cost of further processing to connect them. You gain 
from the “Thru-Con” additive production technique, 
which plates through the holes at the same time it plates 
the wiring pattern on the board. 


3. “WEJCAPS” Leadless Capacitors... 


Besides eliminating bothersome lead problems, “Wej- 
caps” offer low cost, small size, high durability, and high 
moisture resistance for such applications as antenna 
coupling networks, AVC and AGC networks, screen 
by-pass, and other medium tolerance circuits. The 
“Wejcaps” are simply inserted in a slot in a print wire 
board and soldered directly to the connection point. 


Try these components yourself! If you’re after faster 
production, higher quality assemblies, and lower cost— 
for present or prospective equipment — send today for 
this free Sample Test Kit. Address, on your letterhead 
please, General Electric Company, Specialty Electronic 
Components Department, Section 1657,, Auburn, N. Y. 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 
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EDEX HERMETICALLY 
ea SEALED 
ROTARY SELECTOR SWITCHES 


AND STEPPING RELAYS 





STANDARD ENCLOSURE AND 
STANDARD HEADERS... 
AVAILABLE ON MANY MODELS 


Two standard models 
... available with a 
maximum of 4 wafers and 105 pins in header... 
capable of many switching combinations. 

If standard Ledex models do not meet your re- 
quirements, send the design requirements for your 
hermetically sealed relay application today. 





es; lie MAX. | MAX. NO. 
IMODEL| NO. weaver | A | B Cc o E FIG) 
WAFERS| PINS 





No.4 4 45° BY%"| 2K e” 14%" 12"%e" 13%" | %71971 He 





No.5} 4 105* %"| 3%” |5%s"| 456” 14%4"| %2""| 410" 















































*Circuits should allow for header pins to 
carry arc suppression items externally. 


WRITE FOR COMPLETE 
A iwe, INFORMATION TODAY! 
123 WEBSTER STREET, DAYTON 2, OHIO 


IN CANADA: MARSLAND ENGINEERING LTD.. KITCHENER. ONTARIO | 
IN EUROPE: NSF LTD., 31-32 ALFRED PLACE. LONDON. ENGLAND 


INDUSTRIAL COUNTING 
AND 


CONTROL INSTRUMENTS 


@ STANDARD COUNTERS — hundreds of models .. . 


preset counters and totalizers. 


@ SPECIALIZED COUNTERS — modular construction 


permits reasonable prices. 


@ PLUG-IN STRIPS — to use in your own applications. 
Low heat, long-life counting tubes and conservative design 
provide: 


Reliability in use — over a year in constant operation with- 
out any servicing has been reported by satisfied industrial 
customers. 





COUNTING STRIP PRESET COUNTER 


For information on various in- 
puts, outputs, and counting units 
(up to 20,000 counts per second) 

. write for Industrial Bulletin 
— Edition I. 





Sales Representatives in principal cities. 


BAIRD ATOMIC 


Baird Atomic, Inc. 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 
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| WHAT’S NEW 





where he was supervising engineer; 
and McKee in 1945 from Hazeltine 
Electronics Corp. 

> Charles Gray is the new chief pro- 
duction engineer for C. P. Clare & 
Co. 


Control Firms Fill Key 
Engineering Research Slots 


Several control firms have moved 
important people into key research 
jobs. Among them: 

Lockheed Aircraft Co., which has 
established a new R&D branch in the 
Missile Systems Div. under Louis N. 
Ridenour, director of research. Pur- 
pose of the new branch is to lace 
together the company’s R&D and en- 
gineering facilities for optimum co- 
operation on government projects. 
Accordingly, Willis M. Hawkins, di- 
rector of engineering, has _ been 
brought in on the project as an as- 
sistant general manager of the new 
branch. He will serve on a training 
basis for a year, then take over the 
R&D slot from Ridenour, while the 
latter will move into the assistant 
manager’s role. 

Haller, Ravmond & Brown, Inc., 
whose new director of operations re- 
search, Joseph O. P. Hummel, was 
most recently a project chairman and 
senior staff member of Johns Hopkins 
University’s | Operation Research 
Office. 

Penberthy Mfg. Co., which has 
named J. C. Denis director of R&D 


His appointment coincides with that 


of A. N. Lindeman, who becomes 
chief engineer. 
Avionic Engineering Div. of Gen- 


eral Precision Laboratory, Inc., which 
has named France B. Berger to the 
new post of director of research plan- 
ning, and Ivan A. Greenwood assist- 
ant director. Berger, formerly head of 
the Research Dept., and Greenwood, 
formerly associate head, will work 
under George R. Gamertsfelder, di- 
rector of research. 

Abbott Laboratories, whose new di- 
rector of research, Arthur W. 
Weston, has been assistant director 
of development since 1954. He suc- 
ceeds Robert D. Coghill, who has re- 
signed. Abbott’s director of new 
product is Frederick J. Kirchmeyer, 
formerly director of new product coor- 
dination. 

Associated Spring Corp., which has 
brought in H. Perry Smith, manager 
of the general research laboratory of 
Underwood Corp., as assistant di- 
rector of research. 














” FICo COMPUTER 
AND CONTROL SYSTEMS 


e For Weapons Control 
e For Processing of Data 


© For Special Purpose Computer 
and Control Applications 





eae oi 
FiCo engineers and produces the 
guidance for the Redstone Missile. 
U.S. Army Photo 


Ford Instrument Company develops and produces the most mod- 
ern of special purpose computer and control systems —for missile, 


i . . . . 
airborne, shipborne, land-based, and nuclear applications—for 
government and industry. 

~ 


FICo is one of the foremost organizations in the United States 
working in the field of automatic control. Hundreds of engineers 
and extended precision mass production facilities enable FICo 


FICo navigational equipment goes ; 
to handle complete systems contracts from start to finish. 


into a wide range of aircraft. 
U.S. Air Force Photo 
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FICo controls are used in the atomic 
submarine program. FiCo is also 
working toward development of the 
closed-cycle gas-cooled reactor. 


U.S. Navy Photo 


FICo research and design led to im- 
proved safety and arming device 


for Army atomic cannon. 
U.S. Army Photo 


FICo launching and control order computers 
are used for Navy A-A missiles.—U.S. Navy Photo 


FORD INSTRUMENT CO. 


DIVISION OF SPERRY RAND CORPORATION 


31-10 Thomson Ave., Long Island City 1, N. Y. 
Beverly Hills, Cal. ° Dayton, Ohio 


ef unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 


FICo analog and digital computers can be 
readily developed and produced—using 
modular techniques—for special purpose 
applications. 
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NOW 
greater accuracy for 





ANALOG COMPUTERS 


with the 
VERNISTAT® 


a.c. potentiometer 


In analog computer design, where 
system accuracy is directly related to 
the accuracy of the computing ele- 
ments, the new VERNISTAT a.c. 
[crea pam meets the most exacting 


esign requirements. The VERNISTAT | 


overcomes the severe limitations placed 
on computer performance up to now by 
the use of conventional potentiom- 
eters. Errors introduced by loadin 
phase shift and wear are substantially 
reduced. 

The VERNISTAT a.c. potentiometer 
represents a truly fundamental advance 
in precision potentiometer design. The 
combination of a tapped autotrans- 
former and an interpolating resistance 
element overcomes the limitations of 
the purely resistive potentiometer. The 
VERNISTAT principle provides inher- 
ently high linearity, low output impe- 
dance, very small phase shift and long 
life. Relatively high output current 
capability and the ease with which 
nonlinear functions may be generated 
are plus features of the VERNISTAT. 
The unit is normally supplied as a ten- 
turn version and it may also be arranged 
for continuous rotation. 

Use of the VERNISTAT potentiom- 
eter in analog systems results in a 
general improvement in performance 
characteristics. Greater simplicity, 
through elimination of isolation ampli- 
fiers is often an added dividend. 


for further information write to: 


vernistat’ 


division 


PERKIN-ELMER CORPORATION 
Norwalk, Connecticut 
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Instrument Springs 


From “Application of Spring Strips 
to Instrument Design”, Notes on 
Applied Science No. 15, Dept. of 
Scientific € Industrial Research, 
National Physical Laboratory (Eng- 


land). Published by Her Majesty's 
Stationery Office, London, 1956. 
This 25-page technical note de- 


scribes the application of spring strips 
to flexible couplings and pivots, and 
methods of obtaining parallel motion 
and providing magnification of motion 
in the design of instruments. Each 
application is accompanied by an illus- 
tration of a typical design and the 
governing equations and curves for the 
general design problem. 

The subjects covered are: 
> single-spring strip pivots, essentially 
the design of simple frictionless hinges 
P cross-spring pivots, such as those 
used in wind-tunnel balances 
> parallel motion obtained with spring 
strips 
> conversion of linear motion to angu- 
lar motion by use of spring strips—the 
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Operating 


wes ent 
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figure shows one of the several meth- 
ods discussed 

> the use of buckling strips and twisted 
spring-strips in instrument mechanisms 
> indicating mechanisms based on the 
twisting and bending of strips 

> miscellaneous applications 

> methods of attaching spring strips to 
the mechanisms of instruments 


Computer Core Memory 


A high-speed core memory for 
digital computers using a selection sys- 
tem which does not require close con- 
trol of the characteristics of the mag- 
netic cores has been developed and 
reported on by the Air Force. The 
basic problem in the use of magnetic 





cores for permanent high-speed stor- 
age was the selection of the few cores 
representing a storage register and 
providing, with a minimum of driving 
tubes, the high currents necessary for 
reading out or writing information 
into this register. A solution was pro- 
vided by a series-tube core memory, 
similar in operation to the coincident- 
current memory. The storage element 
is the same as the one in the coinci- 
dent-current memory and in the core- 
diode memory. 

The scheme uses a diode with each 
core. The resulting core memory 
achieves a random access speed of 
microsec, the same as the coincident- 
current memory, but with fewer tubes. 
It is not amplitude-sensitive and does 
not require matching of cores. 

The report contains a theoretical 
analysis and synthesis procedure for 
the series-type driving circuit. Experi- 
mental results from the operation of 
16 single-bit registers with the series- 
tube selection also is included. 

The volume, PB 121558 Series- 
Tube Core Memory, J. Otis, Air 
Force Cambridge Research Center, 
September 1955, may be ordered from 
Office of Technical Services, U. S 
Dept. of Commerce, Washington 25; 
44 pages, $1.25. 


Measuring Small Pressures 


From “Feedback Control with Con- 
ductivity Gauge for Measuring Pres- 
sures in Vacuum System” by J. H. 
Leck and C. S. Martin, Dept. of 
Electrical Engineering, The Univer- 
sity of Liverpool, England. “Review 
of Scientific Instruments”, February 
1957. . 
A Pirani gage, for measuring small 
pressures in vacuum systems, contains 
a thin, constant-temperature hot wire, 
which acts as one leg of a Wheatstone 
bridge. The amount of power input 
required to null the bridge indicates 
the pressure. With manual operation, 
however, the gage has this disadvan- 
tage: the bridge voltage must be ad- 
justed after each pressure change, 
making it difficult to follow rapid 
changes in pressures and prohibiting 
automatic recording of such pressures. 
The authors review previous at- 
tempts to eliminate these disadvan- 
tages. One was to use a feedback cir- 


cuit, where out-of-balance signals from 
the Wheatstone bridge adjusted the 
output voltage of an audio-frequency 
oscillator powering the bridge. 

The circuit described by the authors, 
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Continental 


Connector 


TAPER PIN TERMINAL BLOCKS 


machine 


eee 


molded-in for ruggedness 


tapered for precision, 
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_ wtttll tty 4444022 
SRR MCAS 


Precision machine tapered 
feed-through receptacle 
is permanently 


molded-in Sales 


Division, 


HERE IS AN IMPROVED terminal block design featuring precision 
reamed taper pin receptacles. Molded-in for maximum durability, 
these receptacles maintain a permanently secure electrical and 
physical contact with AMP Series 


“rn 


53” solderless taper pins. 


Continental can supply all types of taper pin blocks and connectors 
for conventional wiring and printed circuitry in any combination 
of feed-through shorting or non-shorting terminals. Our Engi- 
neering Department will gladly cooperate in solving your taper pin 
application problems. For technical information write to Electronic 


DeJUR-AMSCO Corporation, 45-01 Northern 


Boulevard, Long Island City 1, New York. 





Brass, 


TAPER 





| SPECIFICATIONS 


solderless taper pins. 





gold plated over silver for low 
es + me contact resistance. 9 Ibs. 
RECEPTACLES ping pressure on AMP Series 


materials on request 


! Molded of high impact Plaskon re- 
minimum grip- 4 BODY inforced (glass) Alkyd 440A (MIL- 
**63°° 9 . P-14D, Type MAI-60). Other molding 

’ 

’ 








Series 145-58 


SINGLE ROW TAPER PIN TERMINAL BLOCKS. Available 
in any combination of feed-through shorting or non- 
shorting terminals. Molded holes for stacking or 
mounting. 


----— 


Diichesietabinian —_ 





Series 145-48 


TRIPLE STACKED TAPER PIN TERMINAL BLOCKS. 
Continental can supply stacked taper pin blocks in 
any combination of feed-through shorting or non- 
shorting terminals. Molded holes for right angle and 
perpendicular mounting. 


You’re 
always 
sure 
with 






Series 145-60 


TAPER PIN TERMINAL BLOCKS EOR PRINTED CIRCUITRY 
Precision tapered molded-in right angle terminals for 

dip soldering to printed circuit boards. 
SS TT 


Series “MB” 


TAPER PIN TERMINATION FOR CONVENTIONAL WIRING 
Solder cups are provided for terminating conventional 
wiring to solderless taper pins. 
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electronic 


| 
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BIG 
NEW 


fan- 
cooled 
rotary 
model 
4565 


GAST <: AIR PUMPS 


deliver 45 C. F. M. — double the capacity of previous models! 


& 
AS COMPRESSOR: 
45 c.f.m., to 2 
p.s.i.g. continuously 
with 5 h.p. at 1750 
r.p.m. 

+ 
VACUUM PUMP: 
45 c.f.m., vac. to 25 
in. hg. with 3 h.p. 
motor, 35 ¢.f.m. with 

2 h.p. 
+ 
Write for 
Bulletins 557-VP 


Now ...... bigger-volume utility for original 
equipment or plant use! Built as either Com- 
pressor or Vacuum Pump for continuous, 
heavy-duty service. Air-cooled by 10” diame- 
ter pitch fan. Cowl-guard directs air—elimi- 
nates water-cooling headaches. 

Long-lived, efficient 5-vane rotary design — 
positive, pulseless air delivery — needs no 
tank. Easy-to-mount v-belt drive. Three rows 
of ball bearings. Weight only 92 lbs.! Many 
applications. 

Gast Manufacturing Corp., P.O. Box 117-1 
Benton Harbor, Mich. 


Original Equipment Manufacturers for Over 25 Years 





GAST @ AIR MOTORS TO 4 H.P. 








@ COMPRESSORS TO 30 P.S.I. 
ROTARY e VACUUM PUMPS TO 28 IN. 
See Our Catalog in Sweet's Product Design File 
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Figure 1, also incorporates a feedback 
principle, but here the power supplied 


FiG.1 




















to the bridge is obtained from a mag 
netic amplifier. “With the bridge bal- 
anced at zero pressure (by adjusting 
either R,, R., or R;) an increase in 
pressure lowers the wire temperature 
and therefore its resistance to give a 
bridge out-of-balance current (i). The 
amplifier connections are such that 
this signal increases the bridge voltage 
and tends to restore balance. Thus 
the out-of-balance signal is very small 
and is approximately inversely propor- 
tional to the amplifier gauge. Both 
(I) and (i) are functions of pressures, 
as can be seen from the typical char- 
acteristics in Figures 2 (a and b). For 
this work commercial amplifier units 
with variable positive feedback, giving 
a current amplification adjustable in the 
range 100 to 2,000 (power gain 10* to 
4 x 10°) were used. The output cur- 
rent for a zero input could be adjusted 
by means of a separate bias winding. 
This, in conjunction with the resistors 
R,, Rs, and R;, allowed the wire oper- 
ating temperature to be varied.” 
Curve 4 in Figure 2a represents man- 
ual control. The other curves in Fig 
ure 2a obtained with the feedback ar- 
rangement shown in Figure 1, are 


characterized by a pronounced droop 
due to saturation of the magnetic am- 














Pressure (microns) 

















plifier at around a current of 40 ma. 
Figure 2b shows that over a limited 
range of pressures the output current 1s 
substantially linear. With a regulated 
supply voltage, a 10-percent change in 
supply voltage results in not more than 
| micron in the region of the zero 
pressure and 3 microns at a pressure of 
500 microns. An auxiliary electromag- 
netic relay for handling high powers 
can be operated directly when placed 
in series with the bridge supply. This 
should not alter the pressure-output- 
current characteristics to any great ex 
tent 


Self-Optimizing Control 


From “Design of a Self Optimizing 
Control System” by R. E. Kalman, 
C onsen University. ASME Paper 

7-IRD-12 Presented at the Instru- 
ments € Regulators Div. Confer- 
ence of the American Society of 
Mechanical Engineers, Evanston, 


Ill., April 8-10, 1957. 


Prior to joining the electrical engi- 
neering staff at Columbia University, 
Kalman served as a member of the 
Engineering Research Laboratory, E. I. 
du Pont de Nemours & Co., Inc., 
where he investigated the underlying 
concepts of self-optimizing control sys- 
tems, evaluated the alternative mathe- 
matical procedures, and then set about 
designing and building “a machine 
which adjusts itself automatically to 
control an arbitrary dynamic process.” 
In the present paper the author com- 
ments on the results of his work dur- 
ing his tenure at du Pont. 

Kalman points out that the proce 
dure for designing a simple contro] sys- 


_ a esse nit) Dynamic ] 
@) Co vai troller -“4 process _ 


Biock diagram of simplest contro! problem 


tem, Figure 1, can be roughly divided 
into three phases: 





FEATURES: 

© Broad range, fine increment 

time base selection with decimal 
point indication 

© Blanking features are 
incorporated to reduce eye-strain 
and resulting operator fatigue 

© Will indicate flow rate or total flow 


indicate © Direct digital read-out from 0 to 


/ 9,999 (to 99,999— optiona 
/ . © Digital printer operation available 
rate or total count / * Dis pine operston oval 
in 1,000,000 
The Mode! 202A permits instant direct read-out of unknown quantities 
by translating one function of time into another function of time. The 
versatile 202A fills a long recognized need in electronic measurement 
APPLICATIONS: Transiate—flow into pounds per hour, gallons per hour, minutes, etc 
Totalize — gallons, pounds, etc. Tachometer Applications, Direct Frequency 
Measurement, many others 
SPECIFICATIONS: Frequency Range 1-100,000 cycles per second 
0-100,000 positive pulses per second 
Input Sensitivity 0.05 volt rms (5 millivolts optional) 
Time Bases 1 millisec. to 10 sec. in 1 millisec. steps, 0.1 millisec. 
to 1 sec. in 0.1 millisec. steps; ext. (0.1 millisec. to 10 
sec. in 0.1 millisec. steps, 1 millisec. to 100 sec. in 
1 millisec. steps) Other time bases on special order 


oD 
] Read-Out Direct. Four digits. (Five digits optional) 
6 Price $1,100.00 
4m Complete specifications available from representative 
5 in your area or direct from factory ‘ 


Computer-Measurements Corp. 
5528 Vineland Ave., No. Hollywood, Calif. Dept. 84-£ 
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Write for Bulletin AWH TD401 
Bulletin AWH TD401 Describes 
6400 Series — DC units 
11400 Series — AC units 
24300 Series — 400 cycle units 
Nominal Range of Adjustment: 8-1 
Timers supplied with: 
AN connector 
Hermetic Adjusting Knob 
Glass Window and Calibrated Dial 


“A.W-MAYDON 


COMPANY 


246 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


Design ond Monvlectere of Elecire-Mechesicel Timing Devices 


Ilustrated above are a few of the many 
which these 
compact timers are designed to with- 
stand. More rigid ly 
can be met upon special consideration. 
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NEW “SAFEGUARD” ROTAMETER BULLETIN | ABSTRACTS 
Gives Step-by-Step Sizing Instructions | 


3 Measuring the dynamic charac- 
‘ _ teristics of the process; 


. Specifying the desired character- 

f-sarcouan>” il a te istics of the controller; 
' : wie an . Assembling a controller using 
tt 4 ; : standard elements (amplifiers, 
integrators, summers, electric 
networks, and so on) which 
have the required dynamic char- 

acteristics. 

A sampled-data system which incor 
porates a digital computer—for its 
Immediately available on request, User benefits are recorded in flexibility—is chosen by the author to 
new SK Bulletin 18RG provides detail. Of great value are the accomplish the necessarv functions 
valuable information for anyone _ simplified, step-by-step instructions shown by the controller block in Fig 
who must measure fluid rate-of- for sizing and selecting Rotameters : $ - 
flow accurately and safely. The for jiquid and gas rate-of-flow ure | ~ well as the requirements of 
bulletin describes SK's line of measurement. Capacity tables are phase 3. He states that such a compu- 


Safeguard’ Rotameters— included. ter can also mechanize the procedures 
includes complete data on appli- 


cation, construction, materials avail- For a copy of Bulletin 18RG, of 1 and 2. “Accordingly, the prob- 
able, installation, and operation. write to us at the address below. lem considered in this paper can be 
stated as follows: To design a machine 
“4 which, when inserted in the place of 
Schule and Koerlng the controller in Figure 1, will auto 
COMPANY matically perform steps (1-3), and set 
MANUFACTURING ENGINEERS itself up as a controller which is opti- 
2251 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. mum in some sense.” Thus the ma- 
Jet Apparatus: | Rotameters & Flow | Valves: Ask for | Heat Transfer | Gear Pumps: Ask chine needs merely to measure the 
Asker Condensed | Indicators: Ask | Condensed Bulle | Apparatus Ask | for Bulletin 17-8 input and output of the controlled 
—" aa he a system; this eliminates the complica- 
tions involved in the engineering de- 
sign performed by a control-systems 
engineer. If the machine lives up to 
expectations, it can be connected to 
any process. 

The author then lays down the gen- 
eral and the special design considera- 
tions for an actual machine built on 

CAPACITORS good engineering principles 
will help you build “(1) The machine must be a digital 


WIDE TEMPERATURE RANGE computer which measures the dynamic 
., «late your cireuit systems characteristics of the process and then 
determines the best form of the con- 

VITRAMON capacitors . . . fine-silver troller; it controls the process by pro- 
electrodes fused to pure porcelain viding the required control action 


a ae te enamel dielectric . . . operate predict- , 
VITRAMON capacitors hove ow dissi- | Sbly over a range of mere than 300°C m(t). 
pations from —55 C to 250 C. 


and come back from the extremes — “(2) The operations for designing 
unaltered. a suitable controller must not be al- 
WIDE TEMPERATURE RANGE? lowed to interact with the control it- 
YES! pus = r . 
he (3) The determination of the dy- 
RUGGED LOW LOSS STABLE namic characteristics of the process 
VAPORPROOF must be based on a large number of 
LOW NOISE MINIATURE measurements so as to minimize the 
ee ; effect of measurement noise. 
TEMPERATURE — eaanae Become adn oe “(4) Among any two measurements 
159 10 slies, jet ignition, pronieity fuses end of c(t), the more recent one should 
in radar, servo, guidance, fire control, be given the higher we ight: Measure- 
telemetering and carrier telephone ments of c(t) made infinitely long ago 
: ay. should be given zero weight. 
a: aaa” If substitutes are not good enough... “(5) The method of numerical 
. . if you need the best... write today! 


computation to be used in the ma- 


Two -wnunaiial « monet tie ® chine should be highly efficient.” 

e se r n ! ic oc . . 
at pevecbiliiiiibinme and Middle s Since the machine combines the 
electrodes —— fused into one strong Incorporated advant Iges of sampled data and digital 
stablé, e@tcled? and effectively. ho computation, the method of comput- 


mogenous. RELIABLE unit nee 8064 © tememieer 3 ¢ Coen ing the transfer function, or dynamic 
characteristics of the process, should 
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MISSILE SYSTEMS ELECTRONICS 


Activities at Lockheed Missile Systems Division laboratories 
in Palo Alto cover virtually every field of electronics 

related to missile systems. Inquiries are invited from those 
who desire to perform research and development of a 

most advanced nature. 


Here staff members discuss a laboratory model of an airborne 
component of a guidance system. Left to right: Dr.R.J. Burke, 
telemetering; E.A. Blasi, antennas; K.T. Larkin, radar and 
command guidance; Dr.S.B.Batdor}, electronic division head; 
Dr.H.H.Leifer, solid state; S.Janken, product engineering. 


Y4 Vt 


MISSILE SYSTEMS DIVISION 


research and engineering staff 


LOCKHEED AIRCRAFT CORPORATION 


PALO ALTO + SUNNYVALE + VAN NUYS 


CALIFORNIA 
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—from inlet to tip 


Now the superlative Master- 
gauge is available in a wider 
range of corrosion resistant 
tubes and sockets than any 
other pressure gauge. 

Check the adjoining list. And 
remember that tube socket and 
tip are fused into one piece by 
the exclusive Marsh ‘‘Cono- 
weld”’ process. 

Marsh alone combines the 
“Conoweld”’ construction, the 
copper-clad ‘“‘Marshalloy”’ case, 
the finer Mastergauge move- 
ment, the Marsh ‘‘Recali- 
brator”’, the new ‘‘Safecase.”’ 
Ask for data covering your spe- 
cific needs. 





of tubes and sockets 
4130 alloy steel tube 
with alloy steel tip and 
socket. 

403 stainless steel tube 
with alloy steel tip and 
socket. 

403 stainless steel tube 
with 416 stainless tip and 
socket. 

316 stainless steel tube 
with alloy steel tip and 
socket. 

316 stainless steel tube 
with 303.stainless tip and 
socket. 

“K"’ Monel tube with 
alloy steel tip and socket. 








MARSH INSTRUMENT CO., Soles offiliate of Jas. P. Marsh Corp. Dept. Y, Skokie, Ill. 
Marsh Instrument & Valve Co., (Can.) Ltd. « 8407 103rd St., Edmonton, Alberta , Can. 


“THE stampans ~~) 
“ny hOF Aecunacr” 


Unique design of the two-dimensional Model 
D-2 features — Single micrometer adjustment 
controls vertical depth of cut, and adjusts 
height of copy table and pantograph. 


ratios from 2 to 1 to infinity! 


ity on three sides permitting panels up to 30” 
to be engraved, milled or profiled. Vertical range 
allowing operations on complete chassis, cabinets 
bulky objects. Ruggedness, stability and precise 
nherent in construction. 


on the ruggedly constructed heavy duty steel 
raver Bench. All functional parts are conven- 
in reach of the operator while seated. Accessi- 
aster type sets stored in lower cabinet trays, tools 
ories contribute to productive capacity. 


A brochure with full details is yours upon request. 


Literature also available on the smaller Model 106 three-dimensional engraver. 


GREEN INSTRUMENT COMPANY 
| 395 Putnam Ave., Cambridge, Mass. 
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ABSTRACTS 


be appreciably compatible with these 
advantages. Kalman investigates the 
possibility of using the step response 
of the process, evaluates the practical 
considerations of the number of meas- 
urements and amount of storage re- 
quired in the digital computer, and 
concludes that this first method does 
not efficiently represent the dynamic 
characteristics of the process 
An alternative method, which he 
calls the pulse transfer function, repre- 
sents the process by a difference equa- 
tion (see “Use Difference Equations 
.’ by H. Levenstein, CtE, April 
1957. Ed.), which means that only a 
relatively few factors and measure- 
ments are needed. In addition, the re- 
quirements for establishing the dy- 
namic characteristics of the process by 
the difference equation are readily 
adaptable to a sampled-data digital- 
computer system. Therefore, “to sum- 
marize, the first step in the design of 
the machine is: The dynamic charac- 
teristics of the process are to be repre- 
sented in the form... 


ce+bice-1+ +bnCk-1 =Gomi 
+aymz-14+ +a gme-1 


the coefficients of which are to be 
computed from measurements. The 
number n = 2 is assumed arbitrarily. 
In general, the higher n, the more 
accurate the representation of the 
process by the difference equation . . .” 
Second, “the coefficients a, and b, 
should be determined anew at each 
sampling instant so as to minimize the 
weighted mean-square (error) E (N).” 
The author also discusses the calcula- 
tions necessary for determining the 
coefficients, pointing out that the 
choice of an optimum controller de- 
pends on what aspect of the system 
response is to be optimized. 

If the foregoing considerations can 
be translated into numerical calcula- 
tions, then the machine which has 
been designated in principle can now 
be designed in practice. However, a 
general-purpose digital computer, pro- 
grammed to be self-optimizing, has 
several drawbacks: it is expensive, 
bulky, extremely complex, and some- 
what awkward to handle. Accordingly, 
the author designed a small, special- 
purpose computer which was extern- 
ally digital and internally analog. The 
original paper carries three illustrations 
of this computer, which is about the 
size of a file cabinet, and describes its 
construction in some detail. An elabo- 
rate appendix deals with the computa- 
tion required of the self-optimizing 
controller based on the difference equa- 
tions, where n = 2. 





in flow measurements 


@ Wind tunnel excluswely for 
probe calibration 


* Write for Catalog 57 
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The Model 140 Electrical Reset Counter has 
its own power supply. The counter is actuated 
each time the control circuit, available at ter- 
minals on the rear panel, is closed. The Model 
140 will count at a rate of 20 events per sec- 
ond and may be instantly cleared to zero by 
a push button reset. Operates on standard 
115 volt, 60 cycle power. Enclosed in a case 
4" x 42" x 57%". 

Write for complete information as it re- 
lates to your particular requirements. Also, 


ask for a catalog of other precision built 
Hunter electronic equipment. 


=| Honter |=) 


MANUFACTURING COMPANY 
INC. 
108 North Linn St. Dept. C.E. lowa City, lowa 














CHOPPERS 


50/60/94/120 cps 


Built to rigid 
commercial 
specifications. 


Twenty-two types, 
both single and 
double pole. 


Long life. 
Low noise level. 
Extreme reliability. 


Write for 
Catalog 370. 


STEVENS 


INCORPORATED 
ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MAS 





SUB-MINIATURE BOE MUGS cots 
MULTI-DECK 12-position SWITCH M-12 


ACTUAL SIZE Pro ~*~ A 
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Features: 


Small Size — only %4” square. 

Lightweight — one-half ounce. 

Versatile circuitry — contact arrangements from 
l-pole 12-position, to 3-pole 4-position for a 
single deck. 

Ganged assembly — up to six decks can be com- 
bined for single-knob operation. 
Current-carrying capacity — 3.0 amperes with- 
out excessive temperature rise. 

Interrupting capacity — 0.5 amperes non-in- 
ductive at 125 volts a-c. 

Electrical life — 240,000 operations (20,000 
cycles). 

Voltage rating — 125 volts a-c. 


R-F ELECTRONICS, ine. 


Weymouth 88, Massachusetts 
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MAGNETIC-AMPLIFIER 
CIRCUITS 


Logicaliy develops the various kinds of basic and more 
complex magnetic-amplifier circuit arrangements with- 
out extended use of mathematics. Descriptive and 
graphical methods are used to give qualitative and 
quantitative interpretation of essential facts Material 
is systematically classified according to circuit functions 
s0 you can select solutions best suited to your special 
problems. By W. A. Geyger, U. S. Naval Ord. Lab. 2nd 
Ed. 277 pp., 135 illus. $7.00 


ELECTRONIC COMPONENTS 
HANDBOOK 


For the designer of military and commercial electronic 
equipment Furnishes data on resistors, capacitors, re- 
lays and switches as an aid in selecting and applying 
the best unit for a particular job so that maximum 
reliability of the end product results. Gives effects of 
heat, humidity, high altitude, low pressure, shock, and 
other environmental factors. Electronic Components 
Lab., Wright Air Devel. Ctr. Edited by Keith Henney 
and Craig Walsh, 224 pp., illus., $9.00 


TRANSISTOR CIRCUITS 
AND APPLICATIONS 


Provides circuit designers with a handy source of de- 
talled information on how to apply transistors in military, 
industrial, and home-entertainment equipment. Covers 
typical transistor operating characteristics, important cir- 
cuit parameters, transistor types, problems of tempera- 
ture and gain stabilization, and a large number of 
typical transister circuits with component values. 
Edited by J. M. Carroll, Assoc. Editor, Electronics, 285 
pp., itlus., $7.50 


SYSTEM ENGINEERING 


Brings together for the first time a description of the 
tools and methods of system design. Provides the neces- 
sary technical background to enable the engineer to be- 
come a member of a system design team. Describes such 
new tools as computers, queueing theory, linear pro- 
gramming, cybernetics, simulation, etc.; and discusses 


new systems like #5 crossbar (telephone), blind landing, | 


air traffic control, etc., etc. 
Machol, U. of Michigan. 


By H. H. Goode and R. E. 
545 pp., 202 illus., $10.60 


SEE THESE BOOKS 10 DAYS FREE 


McGraw-Hill Book Co., Inc., Dept. CON-5 
327 W. 4ist St., NYC 36 
Send me book(s) checked below for 10 days’ exami- 
nation on approval. In 10 days I will remit for 
book(s) I keep, plus few cents for delivery costs, 
and return urnwant book(s) postpaid. We pay 
delivery costs if you remit with this coupon—same 
return privilege. 
[_) Geyger—Magnetic Amp. Circ., $7.00 

Henney & Walsh—Elect. Comp. Hdbk., $9.00 
[) Carroll—Transistor Cire. & Applic., $7.50 
C) Goode & Machol—System Engineering, $10.00 
(PRINT) 
Name 


Address 

City .. Zone State 
Company 

Position ... 


For price and terms outside U.S. 
write McGraw-Hill Int’l., NYC. 
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Data Processing Studies 
ComPaNy INVESTIGATIONS OF AUTO- 
matic Data Processinc. Peter B. 
Laubach, formerly research associ- 
ate, Harvard Business School. 258 
pp. Published by Harvard Business 
School, Div. of Research, Soldiers 
Field, Boston 63, Mass., 1957. $3. 


This book reports the results of one 
of a series of studies conducted as 
part of the data-processing research 
project of the MHarvard Business 
School. This project was started in 
1954 and will continue indefinitely. 
It is concerned with data-processing 
systems found in business organiza- 
tions, with their use by management, 
and with automatic equipment devel- 
oped for these systems. 

Laubach’s study is a report of the 
approaches taken by various com- 
panies in investigating their data-proc- 
essing needs to determine what, if 
any, automatic equipment they should 
acquire. Analogous administrative 
problems might arise in connection 
with installation and use. 

Since World War II, a large num- 
ber of company investigating teams 
have studied and evaluated automatic 
data-processing equipment for the pur- 
pose of informing their respective 
managements of the potentials of such 
equipment. This is a report of the 
steps taken by some 40 such teams, 
their problems and decisions. 

Although these teams were all 
studying basically the same type of 
equipment, a standardized approach 
to the problem did not result. One of 
the few generalizations that can be 
made about the investigations was 
that they usually had three stages: (1) 
selecting and organizing the group to 
make the study, (2) acquiring knowl- 
edge about automatic data processing, 
and (3) conducting an in-ccmpany 
survey to determine the applicability 
of automatic data-processing methods 
to the company’s particular situation. 
For each company these three stages 
commonly overlapped, and there were 
significant differences among the sev- 
eral projects in regard to such aspects 
as the intensiveness of the investiga- 
tion, the time required, and the extent 
of the role of top management. 

The research reported on in this 
book did uncover a_ substantial 
amount of information useful to 
project leaders in formulating their 
plans. Significant conclusions are 
drawn by the author in regard to 
such topics as the selection of per- 
sonnel; the use of committees, con- 
sultants, and computer manufactur- 
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Universal DC Meter 
ae 


| This new microvolt-ammeter-amplifier 
will measure as little as 10uv or 1Oupa 
with accuracy. It may also be used as 
|a DC amplifier with up to 80 db gain 
and only 10v drift. A zero-center mir- 
rored scale provides instant polarity 
|indication. Utilization of KIN TEL’s 
'chopper stabilized circuit provides 
versatility, accuracy, and stability that 
|is unobtainable with conventional 
| VTVM’s. The Model 203 is the ideal 
general purpose laboratory meter, 
| production test set, or null meter. 


SPECIFICATIONS 


100 pv to 1000 v fs 

100 zyua to 100 ma fs 

25 ranges 

100 megohms input 

80 db gain as amplifier 

10 zy equivalent input drift 
1 volt output 

Price $550. 


Representatives in all major cities 
| Write for literature or demonstration 
| 


TEL 





| KAY LAB } 


S725 KEARNY VILLA ROAD 
| SAN DIEGO 11 CALIFORNIA 





The Jet Propulsion Labora- 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains, Covering an 80 
acre area and employing 
1700 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 


fied engineers of U.S. citizen- 
ship. Inquiries now invited. 


JOB OPPORTUNITIES 








IMPORTANT DEVELOPMENTS AT JPL 


Weapons Systems Responsibility 


In the development of guided missile 
systems, the Jet Propulsion Laboratory 
maintains a complete and broad respon- 
sibility. From the earliest conception to 
production engineering—from research 
and development in electronics, guidance, 
aerodynamics, structures and propulsion, 
through field testing problems and actual 
troop use, full technical responsibility rests 
with JPL engineers and scientists. 

The Laboratory is not only responsible for 
the missile system itself, including guid- 
ance, propulsion and airframe, but for all 
ground handling equipment necessary to 
insure acomplete tactical weapons system. 


One outstanding product of this type of 
systems responsibility is the ‘‘Corporal,"’ 
a highly accurate surface-to-surface ballis- 
tic missile. This weapon, developed by JPL, 
and now in production elsewhere, can be 
found ‘‘on active service’’ wherever needed 
in the American defense pattern. 

A prime attraction for scientists and 
engineers at JPL is the exceptional oppor- 
tunity provided for original research 
afforded by close integration with vital and 
forward-looking programs. The Laboratory 
now has important positions open for 
qualified applicants for such interesting 
and challenging activities. 





ELECTRONICS * PHYSICS * SYSTEMS ANALYSIS 
COMPUTER DEVELOPMENT * INSTRUMENTATION 
TELEMETERING AND MECHANICAL ENGINEERING 





JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA 


PASADENA 


INSTITUTE OF TECHNOLOGY 
CALIFORNIA 
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Engineers: 


Stimulating work... Stimulating play 


just minutes apart 


This is Honeywell in Minneapolis . . . an ideal 
atmosphere for the engineering mind. At work; 
outstanding technical facilities plus the oppor- 
tunity to work on today’s most advanced 
electronic projects, a chance to work in a small 
group, guide your own project, get the recogni- 
tion you deserve. 

And in Minneapolis, just minutes from your 
work, 22 lakes and 151 natural parks. Swim- 
ming, fishing, boating ... year-round outdoor 
play for you and your family, good schools, 
theatres and shopping, too! 

At Honeywell you move ahead quickly. This 
fast growing company, already world leader 
in automatic controls, has more than doubled 
sales in the last five years, increased its engi- 
neering force over 100%. In such a company, 
promotions open quickly. At Honeywell, they 
come from within. You start at a first-rate 
salary and it’s just the start. 


Honeywell 
Fiat we Couttiols H 


Mr. W. D. Conley, Dept. TM6B 
Minneapolis-Honeywell Regulator Company 


(] Résumé attached 


NAME 





STREET AND NO._ 
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2753 4th Avenue, South, Minneapolis 8, Minnesota 


Career opportunities for: 


Design and Development, 
Production and Analysis 
Engineers in: 


Ordnance Division: 
WARHEADS e¢ INFRARED SYS- 
TEMS e TEST AND TRAINING 
DEVICES e THERMAL BATTERIES 
FUZING ¢ CONVERTERS ¢ RECTI- 
FIERS e¢ INVERTERS ¢ SONAR 
SYSTEMS e FIRE CONTROL 
SYSTEMS 


Residential, Industrial and 
Commercial Controls 
Divisions: 

TEMPERATURE, PRESSURE AND 
HUMIDITY CONTROLS ¢ AMPLI 
FIERS @¢ COMBUSTION SAFE- 
GUARDS e DAMPER MOTORS 
CONTROL PANELS AND SYSTEMS 


Coe eee eee Eee EEE HEHEHE EHH HOHE S HES SEE HEHEHE HEHEHE HEHEHE HHS 


MAIL THIS COUPON NOW 


DEGREE 


ZONE 


(_] Send more information about opportunities at Honeywell ; 
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NEW BOOKS 


ers’ representatives; the selection of 
applications and equipment; the us¢ 
of cost and savings estimates; and the 
issue of whether to lease or buy. 

In regard to the qualifications foi 
members of a project team, it was 
concluded that a knowledge of a pat 
ticular company’s own accounting sys 
tem was important, but that a lack of 
technical background in the computer 
field was no disadvantage to a person 
in learning how computers operated, 
determining the economics of thei 
operation, and learning how to pro 
gram and plan inputs and outputs. It 
generally was easier to train individuals 
having a knowledge of the company’s 
accounting system than it was to teach 
accounting to a computer expert. It 
often was found, however, that ac 
countants were likely to. accept avail 
able equipment and not to realize that 
computer manufacturers would build 
equipment to suit their particular re 
quirements. In several cases, further 
more, the presence of technicalh 
trained personnel on the project team 
added to its effectiveness. In several 
instances, company executives, con- 
sultants, and manufacturing represen 
tatives were called on to help. 

Usually a company’s decision to 
acquire automatic equipment was 
based on estimates of the cost and 
savings associated with the perform 
ance of the equipment on a specific 
application. The selection of the appli 
cation to study was based on several 
considerations: the prospect of sub 
stantial dollar savings, the usefulness 
for “large volume” applications and 
applications using fairly standard pro 
cedures, and planned limitation of 
automatic processing to those applica 
tions which would not affect cus 
tomer relations in the event of equip- 
ment breakdown. 

Having selected an application, the 
project team estimated the associated 
costs and savings. In several cases, un- 
less the application was programmed 
and run on the computer, the accu- 
racy of the estimates was suspect and 
useful only to give answers to the fol 
lowing related questions: Can auto- 
matic equipment process data more 
economically? What applications can 
it handle most economically? What 
size is most suitable for particular 
needs? 

If, on the basis of its investigation, 
a project team decided that a com- 
puter should be acquired, it then had 
to decide on the specific type of 
equipment. If the team was particu- 
larly interested in general-purpose 
equipment, it first decided on the size 





The "spike in the center is a common pin. 
The others are VK precision pivots. 


Call KK 


Steel, chromium plated, or car- 
bide precision pivots to .013” 
diameter, 1 RMS or finer surface 
finish. Diameter tolerance to 
000010”. Chamfers, radii, 
lapped ends, etc. 

Also volume production lapping 
of flat or round production parts. 


Send us your specifications. 


The 


Van Keuren Company 


176-B WALTHAM ST. WATERTOWN, MASS. 


GOW-MAC 
GAS CHROMATOGRAPHY 


Fast! Accurate! 
Economical! 


Thermal Conductivity Cell 

For 225°C. operation. 
Three models in brass or 
stainless steel to meet spe- 
cialized applications. Small 
internal volume, fast re- 
sponse, convenient mount- 
ing, electrical connection 
outside of bath. 


Temperature Regulated Cell 
For operation at room tem- 
perature or 200°C. A com- 
plete T/C unit with brass 
or stainless steel gas flow, 
preheater, close tempera- 
ture regulation, rapid elec- 
trical and gas connections. 
Power Supply and Control Unit 
gives five minute hook-up 
with complete circuitry for 
these T/C cells. Call or 
write for catalogs or recom- 
mendations. 


Please ad- 
dress Dept. 
TL 


GOW-MAC INSTRUM 


KINGS R7 M4D 


ENT CO. 
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LIQUID LEVEL and 
INDUSTRIAL CONTROLS 


Positive! Dependable! Eco- 
nomical! No floats! No 


pressures or temperatures. 


moving parts in liquid. Un- . 
affected by acids, caustics, i re 
‘ » 


< 


Induction relays, magnetic Fa 


contactors and _ starters. a 
Special control panels. 
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WRITE FOR COMPLETE CATALOG 


B/W. CONTROLLER CORPORATION 


2212 E. MAPLE ROAD 


BIRMINGHAM, MICH 


IM THE FLOATLESS CONTROL FIELD 
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RESISTANCE THERMOMETER ELEMENTS 


ANSWERING 
INDUSTRY’S NEED 

FOR A BETTER WAY 

TO MEASURE 

SURFACE TEMPERATURES 


Flexible e Easy To Apply 
Low Cost e Fast Response 


Designed for research and manufacture 
in all fields of temperature measurement 
and control, high-output RdF STIKONS 
respond to changing temperatures in 


ACTUAL 
SIZE 


RdF STIKONS 
bond readily 
to practically 
any surface. 


milliseconds and with remarkable accuracy. The thinness of the 
RdF STIKON (.005% to .010"') opens up applications difficult or 
impossible with ordinary thermal sensing elements. Virtually a 
part of the surface to which it is applied, this miniature ther- 
mometer measures precisely any ABSOLUTE temperature within 
its range. Used in an appropriate bridge circuit, an RdF STIKON 
may easily produce output voltages several hundred times higher 
than the output of the most sensitive thermocouples. 


SEND FOR T-56 BROCHURE OR WRITE DESCRIBING YOUR SPECIAL 
MEASUREMENT PROBLEM. IN ADDITION TO STANDARD RdF STIKONS, 
WE MANUFACTURE A WIDE VARIETY OF SPECIAL ELEMENTS AND 
SYSTEMS FOR TEMPERATURE MEASUREMENT AND CONTROL. 


ARTHUR C. RUGE ASSOCIATES, INC. 


733 CONCORD AVENUE CAMBRIDGE 
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We need an experienced servo design engineer to assume 
a prime responsibility in a new systems activity. Other 
attractive engineering opportunities are also available 

in this new program. 


Enjoy challenging opportunities in the analysis and 
design of electro-mechanical servo loops, including laboratory 
experimentation and system development. 


Work with the top men in the field and with the finest 
test, research and development facilities. New plant being 
added in suburban Milwaukee as a part of Major, 
Permanent, Expansion Program. 


AC will provide financial assistance towards your Master’s 
Degree. A Graduate Program is available evenings at the 
University of Wisconsin— Milwaukee. 

GM’s long-standing policy of decentralization creates 
individual opportunity and recognition for each Engineer hired. 

You will enjoy, as will your family, Milwaukee’s 


‘small town”’ friendliness and metropolitan shopping and 
cultural advantages. \ 





For immediate, confidential interview in your area or an invitation to 
visit Milwaukee—see our plant—talk with our engineering heads 


and discuss your possibilities, contact: 
Mr. Cecil F. Sundeen, t | 
Supervisor of Technical Employment 


INO it Mm di-laidelilis MPhatiiols 





GENERAL MOTORS Corporation 


Flint 2, Mich. . Milwaukee 2, Wis. 
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or capacity required and next, the 
ability of the computer to meet the 
requirements of the particular data 
processing system, including such mat 
ters as storage capacity, input and out 
put methods, printing facilities, rapid 
ity of access to stored data, the man 
ufacturer’s reputation, ind the exper! 
ence of other users. Cost and savings 
estimates were not reliable unless they 
covered full-capacity utilization 

In the selection of special-purpose 
automatic equipment, on the other 
hand, the teams found that they could 
rely on cost and savings estimates, 
since these estimates usually were 
based on full utilization. ‘The teams 
also found it desirable to set certain 
standards for flexibility 

(he alternative of using punched 
card equipment was not overlooked 
In many cases the use of such equip 
ment was found to result in many, if 
not most, of the advantages associated 
with automatic equipment 

Closely associated with equipment 
selection was the question of whether 
to lease or purchase. If producers 
offered both alternatives, the survey 
teams usually considered not only the 
cost of each, but also their companies’ 
cash position and alternative uses of 
funds, the services provided by the 
computer manufacturers, and other 
terms of the lease and sales agree- 
ments. The possibility of obsolescence, 
while an important consideration, did 
not necessarily preclude purchase. 

I'he book also considers other 
topics: for example, whether to use 
punched-card equipment in the transi 
tion to automatic equipment, alterna 
tive methods used by decentralized 
companies to avoid administrative 
problems associated with centralized 
data processing on large-scale com 
puters, and methods used by investi 
gating teams to “sell” top manage 
ment and the operating organization 
on automatic data-processing. 

In his concluding comment the 
author points out that, while auto 
matic equipment facilitates the proc 
essing of data, possibly the most sig- 
nificant effect associated with inves 
tigations into the use of this equip 
ment has been the interest it has 
generated in improving data-process 
ing systems. The whole field of auto 
matic data processing has stimulated a 
significantly increased interest in de- 
termining what information manage 
ment really needs and the methods by 
which this information can best be 
provided. 

(Review prepared by Harvard 
Business School) 
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product a . the new 
distortionless qutomatic V0 tage scale check 
primary 


voltage regulator 


No Waveform Distortion: 

Servo-Driven Auto-Transformer avoids wave- 
form distortion and resulting increase in 
computer noise level. 

Greatly Improves Computer Tube Life: 
Voltage builds up slowly over period adjust- 
able from 1-5 minutes. 

Exceptional Regulation: 

+ 1 volt for input from 95-135 volts 

High Current Capacity: 

80 amperes rating 

Plate Protection: 

Interlock prevents application of plate power 
until filaments are warm. 
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REAC Analog 
Computers 


for x4 EAC ‘analog computers 


The accuracy built into analog computers can be fully realized only if significant problem 
variables are so scaled that they are large compared to the inherent noise, drift, and un- 
certainty levels of the computer itself. It is difficult to determine in advance what range of 
values any given variable is going to have during a problem run, and it frequently happens 
that a critical variable is so scaled that it never exceeds the noise or uncertainty level of the 
computer and thus does not contribute to the problem solution as it should. The new REAC 
Voltage Scale Check System now monitors all critical points in the computer and indicates by 
means of a pilot light (minimum excursion indicator) any points at which the scaling should be 
checked. It thus assures the operator that he is always taking advantage of the full accuracy 
of his machine. 


This new Voltage Scale Check System is just one more of the many operating features which 
make the REAC "400" Analog Computer FIRST choice in its field for efficiency, accuracy, 
speed and versatility. Why not consult Reeves for your computer problem needs? 


4 


a 


Remember, only Reeves makes REAC computers! 








REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America 


209 East Sist Street « New York 28, New York 
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Honeywell’s Variable Inlet Diffuser 
Controls Keep the “Hustler” Hustling 


PROJECTS LIKE THIS 


As mach numbers advance, even fractional errors in inlet-air diffuser 
positioning reduce thrust tremendously. 

Yet a fixed diffuser designed for optimum pressure at a given high 
mach number may be so inefficient at a lower mach number as to render 
it impossible for aircraft to reach design speed. 

In the U.S.A.F.’s first supersonic bomber, Convair’s B-58 Hustler, this 
problem was solved by Honeywell’s variable inlet-air diffuser systems 
the most accurate known. They are automatically controlled to the 
proper parameters to achieve maximum pressure recovery and mass air 
flow matched to engine requirements. 


The Challenges to Come! 

Variable inlet diffuser systems are just one of 114 research and develop- 

ment projects in which Honeywell Aero is engaged. These projects are 

in the basic areas of: 

INERTIAL GUIDANCE e FLIGHT CONTROL SYSTEMS e LIQUID 

MEASUREMENT SYSTEMS e VERTICAL, RATE AND INTEGRATING 

GYROS . DIGITAL AND ANALOG COMPUTERS . JET ENGINE 

CONTROLS e AIR DATA COMPUTERS e BOMBING COMPUTERS 
TRANSISTOR AMPLIFIERS e INSTRUMENTATION 

Each of these projects offers exceptional career opportunities for capable 

engineers and scientists. 

And Honeywell’s rapid growth assures you of early advancement. 
Engineering personnel at Honeywell Aero has tripled in the last 5 years, 
is still growing faster than the avionics industry average. Supervisory 
positions open quickly, are filled from within. The first-rate salary you 
start with at Honeywell is just the start. 


For more information concerning these 
opportunities, send your inquiry or résumé 
to: Bruce D. Wood, Technical Director, 
Dept. TA-6C, Honeywell Aero, 1433 Stin- 
son Boulevard, Minneapolis 13, Minn. 


Honeywell 


Aeronautical Division 


Write today! 
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WORK ON ADVANCED 


WHAT’s AHEAD: MEETINGS 


APRIL 


Second National Industrial Research 
Conference, “Research for Profit’, 
sponsored by Armour Research 
Foundation of Illinois Institute of 
lechnology, Conrad Hilton Hotel, 
Chicago April 24-25 

Seventh Region Institute of Radio 
Engineers Conference, Balboa Park, 
San Diego, Calif. April 24-26 

Third National Flight Test Sympo- 
sium (no exhibits), Hotel Statler, 
Los Angeles \pril 29-May 


MAY 


Electronic Components Symposium 
(sponsors: AIEE, IRE, Radio-Elec 
tronics-Television Mfgrs. Associa- 
tion, West Coast Electronic Mfrs. 
Association), Morrison Hotel, Chi- 
cago May 1-3 

Fluid Control Institute, Greenbrair, 
White Sulphur Springs, W. Va. 

May 8-1] 

National Telemetering Conference, 
(inspection trip to White Sands 
Proving Grounds), Hotel Cortez, 
FE] Paso, ‘Tex. May 27-29 


JUNE 


Institute of Radio Engineers, Jl'irst 
National Symposium on Produc 
tion Techniques, Hotel Willard, 
Washington, D. C. June 6-7 

American Society of Mechanical En- 
gineers, Semi-Annual Meeting, 
Hotel Sheraton-Palace, San Fran- 
Cisco June 9-13 

Institute of Radio Engineers, Na- 
tional Conference of Professional 
Group on Military Electronics 
(some sessions classified ‘‘confiden- 
tial’), Sheraton-Park Hotel, Wash 
ington, D. C. June 9-15 

Instrument Society of America, ‘Third 
National Symposium on_ Instru- 
mental Methods of Analysis, Uni 
versity of Chicago June 13-15 

Association for Computing Ma- 
chinery, Twelfth Annual Meeting, 
University of Houston, Houston, 
Tex. ; June 19-21 


American Institute of Electrical En- 


gineers, Summer General Meeting, 
Sheraton-Mt. Royal, Montreal, Que- 
bec, Can. June 24-28 
British Institution of Radio Engi- 
neers Convention, —Theme—“Elec- 
tronics in Automation”, University 
of Cambridge, (9 Bedford Sq., 
London, W. C. 1) June 27-July 1 
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VICTOR’S LONG EXPERIENCE 

IN PIONEERING HIGH PRESSURE 
GAS R.GULATION jis yours for the 
asking. For details, and complete 
data on Gas-O-Dome Regulators, see 
your VICTOR dealer or write us for 
catalog 341. Dealer inquiries invited. 


VICTOR EQUIPMENT COMPANY 


Mfrs. of welding & cutting equipment, hardfacing rods; 
blasting nozzles; cobalt & tungsten castings. 
844 FOLSOM ST. * SAN FRANCISCO 7 21 





still can’t 
find a man 
who 


for most ; 
applications! 


KURMAN ELECTRIC 
CO., Inc. 
Quality Relays Since 1928 


191 Newel Street 
Brooklyn 22, New York 








WITH VICTOR GAS-0-DOME REGULATORS 


Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series: 



































eSEniES | RANGE We 34) SPECIAL FEATURES GASES HANDLED 
GD 30 0-2500 High Delivery Flow Rates. 
GD 31 0-3600 Accurate Valve Control. A 
Se if 
GD 618 0-2500 Excellent Capacity. Compact~ | Argon 
7 Ib.— 4” x 6” x 6”. | Helium 
GD 62B 0-3600 —67° to +160° F. Range. | Hydrogen 
" N 
GD 80 0-5000 | Accurate Valve Control. — 
GD 81 0-10000 | —67° to +160° F. Range. —and others 
ean : ive to 
Self-Relieving Pilot Regulator en aaron 
GD 10 0-500 Control. High Flow Rates. eres 
High Pressure, Low Flow. Com- 
sk 10 01000 | pact—4 Ib. —2” x 6” x 6”. 
SR 100 0-30 & Corrosion Resistant. Ammonia (wet or dry) 
0-40 Boron Trifluoride 
Chlorine (wet or dry) 
Hydrogen Sulfide, 
Hydrogen Chloride, 
Sulfur Dioxide—and 
other corrosive gases. 
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Please enter my personal subscription to start as soon as 


possible: 


$3.00 enclosed for one year* 
[] Send invoice 


PLEASE PRINT 
Name 


Title or 
Position 


Home |_| 
Address — Company [| 


Company Name 


Nature of 
Company’s Business 


*Above rates good only in United States 
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Creative En gineers : 


Work where the breakthroughs are being made 


every major field of Electro-Mechanics 


As a creative engineer, you belong at the 
front-line of your field . .. where tomor- 
row’s scientific battles are being won... 
where you can help win them. 

For more than a decade, AUTONETICS has 
been at the forefront of electro-mechanical 
technology... building up the unique stock- 
pile of experience and developing the 
advanced techniques and tools that can 
make your professional victories possible 
at AUTONETICS today. 

Just a few specific results of AUTONETICS’ 
pioneering are: the MG-4 Fire Control Sys- 
tem for NATO’s F-86K Sabre Jet: Flight 
Control elements for the F-100 Super 
Sabre; Numill, a new magnetic-tape con- 
trolled machine-tool system capable of per- 
forming complex milling and drilling oper- 
ations automatically; Recomp I, a new 
portable, high-speed, completely transistor- 
ized digital computer ; and inertial guidance 
systems for both airplanes and missiles. 


Today, our programs are gathering 
speed, broadening scope. New engineering 
methods have been developed to cut lead 
time. System and component evaluation is 
being accelerated with automatic checkout 
equipment. Packaging is being designed 
and systems micro-minaturized to fit the 
cramped confines of sleek missiles and jets. 

YOUR OPPORTUNITY EXISTS AT EVERY 
LEVEL of creative engineering from Pre- 
liminary to Performance Test—because 
Autonetics is one of the few companies in 
the world that can design and quantity- 
produce complete automatic control sys- 
tems for both the military and industry. 

LET US KNOW what kind of creative engi- 
neering interests you (please include high- 
lights of your education and experience). 
Write today to: Mr. A. N. Benning, 
Administrative and Professional Person- 
nel. Dept. 358-Con5, AUTONETICs, 9150 E. 
Imperial Highway, Downey, California. 


Autonetics “ip 


A Division of North American Aviation, Inc. 


AUTOMATIC CONTROLS MAN HAS NEVER BUILT BEFORE 
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A MESSAGE TO AMERICAN 


INDUSTRY 


ONE OF A SERIES 


Can We Afford 
a $71.8 Billion Budget? 


THE BUDGET submitted to Congress by Presi- 
dent Eisenhower for the year beginning July 1 
proposes federal spending of $71.8 billion. In 
only four years, three during World War II and 
one during the Korean War, has the govern- 
ment spent more. Under the proposed budget 
the government expects to collect $73.6 billion, 
mostly through individual and corporation in- 
come taxes. 

The principal reason for the size of the budget 
and for this year’s increase is an expanding 
defense program. About 60% of all budget ex- 
penditures in the coming fiscal year will be for 
national security programs. Moreover, this area 
accounts for about 90° of the proposed in- 
crease in federal spending. In addition, as the 
chart shows, there are large expenditures pro- 
posed for purposes other than defense. 

Continued budgets of this size, some contend, 
will lead to inflation and wreck our economy. 
It has been suggested that they might lead to 
“a depression that will curl your hair.” Yet 
many insist that the budget, large as it is, still 
is inadequate in many respects — for defense, 
schools, agriculture, small business, health, re- 
search, indeed, for almost every activity in 


which the government has become involved. 


Is It Really Too Big? 


Actually, the proposed budget would 
place no greater burden on the economy 
than any budget in the last six years, be- 
‘ause our economy has been growing. Fed- 
eral spending per capita under the proposed 
+These figures refer to the regular federal budget and do not 
include operations of trust funds, primarily for social security 


programs and the new federal aid program for highways, 
which are financed by special taxes. 


budget will be about $416, or $10 more than 
this year; but our per capita income rose almost 
$80 last year. And, because of our increasing 
population, next year’s expenditures will, in 
fact, amount to less per capita than in 1954 
when federal spending was $4 billion lower. 

Another way of measuring the burden of gov- 
ernment expenditures on the economy is to com- 
pare the purchases of goods and services of all 
branches of government — federal, state and 
local — with the total output of the nation. The 
share of our national product taken by govern- 
ment this year will be about the same as in the 
past two years and, furthermore, about the same 
as the average for the past 28 years. 

By the standard of any recent year, the budget 
is within the means of the American economy. 


In this sense, we can “afford” it. But the pros- 





FEDERAL BUDGET EXPENDITURES 


$71.8 BILLION 
$68.9 BILLION 
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® Estimates for fiscol yeors ending June 30 








pect of steadily increasing budgets, requiring 
20% or more of our national income, introduces 
another threat. 


The Real Threat 


Large and rising budgets that do not balance 
government spending with higher tax collections 
clearly would be inflationary and would destroy 
the value of the savings and income of all who 
lagged in the race with climbing prices. But 
serious dangers will still exist even if our budget 
continues to be balanced, as this year’s is. 

@ Budgets that require a large take in 
taxes eat up the savings required to finance 
private industry. What the taxpayers must 
give the government they cannot save. This de- 
prives private industry of the savings and re- 
sources needed to expand and modernize pro- 
ducing facilities. 

@ High tax rates also undermine the in- 
centive to save and invest in normal busi- 
ness enterprises by taking such a large 
share of any income gained. Taxes on cor- 
poration income now take 52% of all income 
over $25,000. And taxes on individual incomes 
can take as much as 90% of earnings that re- 
main after this 52% bite. 

® High taxes encourage, on the part of 
both individuals and corporations, the 
search for “gimmicks” and special treat- 
meni. As a leading character in Cameron 
Hawley’s novel Executive Suite observed: “To 
a far greater degree than most people realize, 
income tax has become a primary governing 
factor in corporation management.” Indeed, it 
is only because of the numerous gimmicks and 
special provisions now available that high tax 
rates have not already inflicted greater damage 
to economic incentives. 

These dangers comprise the real threat of 
large and rising federal budgets. It is a threat 
to continued growth of our economy, and it is 
no less a threat merely because the budget is 
technically in balance. 


What Should Be Done? 


In attempting to hold government spending 
within reasonable bounds, we should not hold 


back on needed civilian programs. The heavy 
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demands now being urged at all levels of gov- 
ernment for roads and schools, for instance, are 
largely the result of failure to keep pace with 
the growth of the country. Furthermore, we 
cannot cut provisions for national security below 
the minimum level of safety. And unhappily, 
defense in the rocket and missile age is fan- 
tastically and ever increasingly expensive. 
What we can do is enforce some financial 
discipline on our military leaders, and hold 
down our defense expenditures by making sure 
their demands are justified and by requiring 
efhiciency. In the civilian programs, though some 
need to be increased to serve a growing economy, 


we can eliminate the outright waste. 


A More Difficult Job 


We must also do something far more difficult, 
and that is to reduce federal programs of aid to 
special groups at the expense of all the tax- 
payers. The new budget calls for over $5 billion 
for veterans, and another $5 billion for farmers. 
A number of industries and areas stand to 
receive aid in large amounts based less on 
necessity than on political pressure. These 
demands for increased aid, year after year, 
must be resisted if we are to have any hope 
of stopping a relentless rise in our budget. 

Then, as our national income increases, we 
can look forward to reducing tax rates and pro- 
viding greater incentives for the private sector 
of the economy. Only in this way — by keep- 
ing government spending in line with 
economic growth — can we prevent our 
federal budget from being a crippling 
burden. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nation-wide developments. Per- 
mission is freely extended to newspapers, 
groups or individuals to quote or reprint all 
or parts of the text. 
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PRESIDENT 


McGRAW-HILL PUBLISHING COMPANY, INC. 














If you’re an engineer whose 


future is being held up... 


TAKE A LOOK AT THE FUTURE 
YOU CAN ENJOY RIGHT NOW 


AS A DOUGLAS ENGINEER! 


It’s important that you use your full talents now... 

if you are to expand in your job. This requires 
assignments of the scope you will find at Douglas... 
assignments that allow you to accomplish more 

and gain rich rewards. Many opportunities exist 

for career-minded engineers in modern Douglas plants 
and testing facilities across the nation. For example... 


AERODYNAMICISTS ARE NEEDED now: Aeronautical 
Engineers with undergraduate and graduate degrees 
and Physicists with advanced degrees work on 
supersonic aircraft now in production...and on 
hypersonic aircraft in all phases of development 

from design to ultimate delivery. 


For important career opportunities in your field, 
write: 


c. C. LaVENE 


DOUGLAS AIRCRAFT COMPANY, BOX D-620 
SANTA MONICA, CALIFORNIA / 


/ 


er DOUGLRS Mnve— 
(Ki a 


FIRST IN AVIATION 
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EMPLOYMENT OPPORTUNITIES 


DISPLAYED s——— UNDISPLAYED 
The advertising rate is $17.80 per inch for all seen $1.80 per line, minimum 3 lines. To figure payment count 5 
appearing on other than a contract basis. Contract rates average words as a line. Box Numbers—counts as 1 line 
Position Wanted ads, % of above rate. 


‘NATIONAL 
A COVERAGE aepsscing om othe 


{ An advertising inch is measured %” vertically on a column Discount of 10% if full payment is made in advance for 4 
i — 3 columns, 30 inches to a page. _consecutive insertions. 
Nia gags to Age ney Commission. Not subject to Agency Commission 


d NEW ADS and inquiries to Classified Advertising Division of Control Engineering, P. O. Box 12, N. Y. 36, N. Y 








| NEE RING 
ENGINEERS “2 
SERVO DESIGN 
AND HYDRAULIC 


with experience in: 


® Precision Data Systems 
@ Hydraulic Servo Control Systems 


@ Hydraulic Components 
for Aircraft 


The control of Radar and Weapons Systems is becoming ever 
more exacting. Raytheon’s new Wayland Laboratory is a leader 
in the application of Servo Controls and can offer you an unusual 
opportunity for professional growth and advancement. 


A brief resume form and a copy of the brochure pictured above 
may be obtained by sending your name and address to: 


Radar Professional Personnel 
RAYTHEON MANUFACTURING CO. 
Box 242 (G) 
Wayland, Mass. 
WAYLAND LABORATORY 


INSTRUMENTATION 
ENGINEER 


Degree in M..E., C.E., or Ch. E. required. 
Experienced dealing with automatic process 
instrumentation, knowledge of electronics 
in servo systems essential. We offer many 
employee benefits in addition to oportu- 
nity and advancement. Permanent employ- 
ment in our general engineering center 
located at Manville, N. J. 


Send Resume to: Mr. John Parks 


JOHNS-MANVILLE CORP. 
P. O. BOX 159 MANVILLE, N. J. 





MECHANICAL ENGINEER 


And More... 


We Need An M.E. Particularly One Who Has 
Had Experience in ‘Design And Development Of 
Small Electro-Mechanical Devices We Are 
(Among Other Things) In The Field Of Switches, 
Timers And Thermostats . . 

And Are Looking For An Raslacer Who Finds 
Satisfaction ... And Success .. . In The Develop- 
ment Of A Project . . . From Original Conception 
To Quantity Production. 

We Invite You to Write Our Personnel Director 
And Tell Us About Yourself . . We'd Like The 
Opportunity To Give You More Information About 
This Position .. . Our Future Our Policies 


TUTTLE & KIFT, INC. Div. of Ferro Corp. 
1823 N. Monitor Ave. Chicago 39, Illinois 








Assistant Chief Electrical Engineer 
$12,000.00 per year—plus 

Multiple plant corporation desires Electrical Engi- 
neer who will head up research and development 
program. A knowledge of electronics circuitry and 
fluid mechanics, would be helpful. The above 
would apply to their existing machinery as used 
in industrial fluid control. Company assumes 
agency fee and relocation expenses. 


MONARCH PERSONNEL 
28 E. Jackson Ave. Chicago, Iinois 














ENGINEERS 


(Experienced) 


ATOMIC POWER 
NEW PRODUCT DEVELOPMENT 


YOUR Imagination, Creativeness and New Ideas are welcome in our 


New Product Development Division. YOU will have the opportunity 
for the creative development of projects from the INITIAL stage to the 
PROTOTYPE model. 


ELECTRICAL ENGINEER 


Design, develop and create rotating equipment for 
New Applications. 


CONTROL ENGINEER 


Develop Computer circuits, Servo-electrical devices and 
Numerical systems. 


CREATE and Develop YOUR IDEAS 


RELIANCE ELECTRIC & ENGR. CO. 


New Product Development 
H. F. Biggar, Mgr. 


24701 Euclid Avenue, Cleveland 17, Ohio lVanhoe 6-2280 


PRODUCTION ENGRS 


30 BSME, or BSIE, or BSE! E yrs’ ¢ 
I l eler fields 


ing & processing; wr kg 

machs, drills & mills; establish 
niques & repairing cost estimates 
ing, reloc. fee pd. $900-1,300 mo 
cies, 73 Warren St., NYC. 


of assembly t 


Edwards Agen- 














YOUR ORGANIZATION 


Is it complete? 
Are you expanding it? 
Making Replacements? 


Naturally, you are anxious to secure 
the most suitable man or men available. 
You want men with the special training 
that will make them an asset to your 
organization. You can contact such 
men through an advertisement in the 
Employment Opportunities Section of 
CONTROL ENGINEERING. 


Classified Advertising Division 


CONTROL ENGINEERING 


P. O. Box 12, New York 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 


announces a 


Ground-Floor Opportunity 
sr Scientific 
and Engineering Men 


in IBM’s new 


It’s like joining a new company—the ground-floor oppor- 
tunities you will find in this new IBM Division—plus 
all the advantages of the stability and security of IBM. 


REALLY NEW 


We want men with creative ingenuity to solve 
problems never encountered before . . . who will 
significantly influence the new Division by their 
enterprise. Projects are not routine ... and 
they are small eneugh to permit individual con- 
tributions that will establish your stature as a 
professional engineer. 


OUTSTANDING OPPORTUNITIES 


Career opportunities exist not only for electronic 
and mechanical engineers but also physical and 
chemieal scientists and metallurgists with ex- 
perience in any of the following areas: 


advanced component design 
analog or digital computers 
automation 

data conversion, transmission, processing 
or display systems 

design of intricate mechanisms 
electronic packaging 
instrumentation 

process control 

servo systems 

solid state devices and applications 
telemetering 


Graduating E.E.’s, M.E.’s, physicists and mathe- 
maticians will find responsible, stimulating as- 
signments in this Division. 


DATA PROCESSING 

ELECTRIC TYPEWRITERS 
MILITARY PRODUCTS 

SPECIAL ENGINEERING PRODUCTS 
TIME EQUIPMENT 





PURPOSE OF THE DIVISION 


The new Special Engineering Products Division 
has been created to enable IBM to apply systems 
knowledge, engineering and production skills to 
organizations seeking assistance on specific prob- 
lems connected with the processing of industrial, 
commercial and scientific data. Its engineers 
will design, fabricate and install tailor-made sys- 
tems for such applications as engine test stands 

. wind tunnels... . flight test . . . industrial 
process control . . . machine tool and material 
handling control nuclear reactors 
innumerable others. 


EMPHASIS ON VERSATILITY 


It should be emphasized that the new Division 
has the responsibility for developing and building 
equipment related to, but outside of, IBM’s 
regular line of products. The variety and diversi- 
fication of projects call for ultimate creativeness 
to develop nonstandard computing and data- 
handling components, machines and systems for 
tie-in with existing IBM equipment. 


FOR COMPLETE DETAILS, write today to 
Mr. R. A. Whitehorne, International Business 
Machines Corporation, Dept. 2605 , 590 Madison 
Avenue, New York 22, N. Y. 





SPECIAL 
ENGINEERING 
PRODUCTS 
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Special Engineering Products Division 
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dlewe" eer FOR RATES OR 
Go in INFORMATION 


About Classified 
Advertising 
Contact 
The McGraw-Hill 
Office Nearest You 


ATLANTA, 3 
1301 Rhodes-Haverty Bldg. 
JAckson 3-6951 
R. POWELL 
BOSTON, 16 
350 Park Square 
HUbbard 2-7160 
H. J. SWEGER 
CHICAGO, 11 
520 No. Michigan Ave. 
MOhawk 4-5800 


FOR THE FINEST JOB OPPORTUNITIES Yast 


CINCINNATI, 37 


IN THE GUIDED MISSILE FIELD! ee Aedwood 1-3238 


G. W. MILLER 





CLEVELAND, 15 
1510 Hanna Bidg. 
Yes, it’s a fact. At Bendix Guided Mis- have prepared a thirty-six-page booklet SUperior 1-7000 
siles you’|l enjoy living in an attractive giving the detailed story of the function W. SULLIVAN 
community convenient to metropolitan of the various engineering groups, such DALLAS, 2 
areas and recreational centers, with ex- as ram-jet propulsion and hydraulics, Adolphus Tower, Main & 
periencing job opportunities unrivalled guidance, telemetering, steering intel- Akard Sts. 
in the guided missile industry. ligence, component evaluation, missile Riverside 7-5117 
As prime contractor for the vitally testing, environmental testing, test equip- E > Fn. 
important Talos Missile, Bendix en- ment design, system analysis, reliability, fie 
gineers are engaged in the widest pos- and other important engineering opera- DETROIT, 26 
sible range of missile work and enjoy tions. 856 Penobscot Bldg. 


unusual advancement opportunities. If you’d like to combine the advan- ww Qoaward 2-1793 


LOS ANGELES, 17 
1125 W. 6th St. 


MAdison 6-9351 


. . . » : G. FRUHLING 
is working with a prime contractor on today for your copy of the booklet D. McMILLAN 


one of the nation’s most important “Your Future in Guided Missiles’’. NEW YORK, 36 
missile projects. 330 West 42 St. 


S z , av 1 eS 1 rate y , e ™ 
o that you may investigate thoroughly e — prime contractor i emamguere 4-3000 
the many advantages of becoming a ‘ 


Bendix Guided Missile engineer, we for the TALOS MISSILES o. COSTER 
PHILADELPHIA, 3 
17th & Sansom St. 


: seep Se Rittenhouse 6-0670 
Bendix Products Division—Missiles H. BOZARTH 


404 N, Bendix Drive, South Bend, Indiana ST. LOUIS, 8 

Gentlemen: | would like more information concerning opportunities in guided ere 

missiles. Please send me the booklet “Your Future In Guided Missiles”. 3615 Olive _ 5-4867 
erson o- 


W. HIGGENS 


SAN FRANCISCO, 4 
ADDRESS_ oe -. ; ‘ 68 Post St. 


There is no question about it—guided tages of living in the Middle West and 
missile engineering is definitely the an unparalleled chance for professional 
newest and most modern business, and, growth with one of the world’s foremost 
logically, the best future for engineers missile builders, just mail the coupon 


NAME___ 








DOuglas 2-4600 
R. ALCORN 














CONTROL ENGINEERING 





EMPLOYMENT OPPORTUNITIES 


Two rapidly expanding research and development divi- 


N S T 3 lJ Mi N T sions each require an experienced instrument or electronics 


engineer. Challenging opportunities to develop and apply 


techniques in instrumentation and automation. Candidates 
f N G | N * E if S considered with degrees in electrical, mechanical, or chemi- 


cal engineering. 


INSTRUMENTATION OF PILOT PLANTS 


An instrument engineer needed to act as project engineer 
and consultant to other engineers in the field of pilot plant 


design. 


Typical equipment includes analytical instruments, data 
loggers, programmers, controllers, recorders and indicators 


of many types. 


This professional position affords an unusual opportunity to 
apply one’s talents in the design of equipment and control 
methods. Will have responsibility for supervising the work 


and training of a number of instrument technicians. 


INSTRUMENTATION IN THE EVALUATION STUDIES 
OF FUELS AND LUBRICANTS 


An outstanding opportunity for an instrument engineer to 
develop and apply instruments associated with the evalua- 
tion of engine performance characteristics of fuels and 


lubricants. 


Immediate requirements include the development of equip- 
ment to measure and control engine variables such as 


ignition, combustion pressure, torque, etc. 


ESSO RESEARCH AND 
ENGINEERING COMPANY policies. Advancement unlimited except by ability. Starting 


Chief Technical Affiliate, salary commensurate with experience and ability. 


Excellent library facilities, liberal publication and patent 


Standard Oil Company, New Jersey Give full details of education, experience, desired salary, 


Esso Research Center availability date and references. All inquiries will be con- 


Employee Relations-C sidered promptly and held confidential. Send replies to 


P. 0. Box 51 Linden, N. J. address at the left. 
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EMPLOYMENT OPPORTUNITIES 


WHEN ELECTRONICS 


SHOOTS THE MOON 


A rocket to the moon within 10,000 working 


hours! This is the prediction of experts in the 
new science of astronautics...and Martin engi- 
neers are already working on the problem. 

As a result, Martin electronics offers some of 
the most challenging opportunities today in the 
space systems development of tomorrow. 

If adventure is your dish, and you’re willing 
to shoot the moon: Contact J. J. Holley, Depart- 
ment CE-05, The Martin Company, Baltimore 3, 


Maryland. 
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To 
EMPLOYERS 


who advertise 
for MEN: 


When there are many appli- 
cants for a single position it fre- 
quently happens that the only 
letters acknowledged are those 
of the most promising candi- 
dates. Others may not receive 
any indication that their letters 
have even been received by a 
prospective employer much 
less given consideration. These 
men often become discour- 
aged, will not respond to fu- 
ture advertisements, and some- 
times question their bona fide 
character. 


Every advertisement printed 
in the Employment Opportun- 
ities Section is duly authorized. 


It will help to keep our read- 
ers interested in this advertis- 
ing if you will acknowledge 
every application received, 
even if you merely return the 
letters of unsuccessful appli- 
cants with, ‘Position filled, 
thank you” written or stamped 
on them. 


We suggest this in a spirit 
of cooperation between em- 
ployers and the men replying 


to Employment advertisements 


* 


“Put yourself in the 
other fellow’s place” 


* 


Classified Advertising Division 


McGraw-Hill Publishing Co., Inc. 











Instant practical handbook help from 
the American Institute of Physics 


| for all whose 
work involves 


applications 
of PHYSICS 











American Institute of Physics 


HANDBOOK 


With the help of this handbook, you 
can now save yourself hours of 
searching through scattered refer 
wv formula you 
1ethods in 
40 experts in 
1e all the searching 
e giant, convenient 
e, they put the needed informa 

tion at your fingertips 


Just like the comprehensive hand- 
books used in other professional 
eas, this handbook offers you fast, 
le, wide-range reference on all 
physics It is the first, 
pecifically on physics, to be pub 
lished in America 
A vast array of tables, graphs, 


ages . 
eo wie formulas, and equations concisely 
of tables, and comprehensively cover mechan- 


graphs,and) jj... acoustics, heat, electricity 
equations 
- 


$15.00 
payable on 
EASY 


and magnetism, optics, molecular, 
c, and nuclear physics. Also 
s an annotated bibliog 
. of mathematical 
ext matter is held to a mini 








TERMS 





Rey pcm McGraw-Hill Book Catalog 


Ju of press 1957 catalog describes over 3000 books, s 
subje 5¢ 


» help you advance, solve problems. Send 
catalog free. Check below 


10 DAYS’ FREE EXAMINATION 


3 mailing costs; 


ae Hill Book Co., Dept. FCON-5 
327 W. 41 St., Nw York 36, N. Y. 
Send me the American Institute of Physics Hand- 
book for 10 days’ examination on approval If satis 
factory, I will send (check one) [J $3 in 10 days and 
ok an nonth until $15 is paid; or () full purchase 

book. (We pay delivery costa if remittance 
ace np anies this coupon; same examination and re 
turn privilege 

Send 1957 catalog—lI enclose 25¢ 


{ortat) 


Name 
Address 
City 
Company 
Position 


For price and terms ae U.S., 
write McGraw-Hill Int'l, N.¥.C. 


EMPLOYMENT OPPORTUNITIES 








~ 
ELECTRONIC 
” Ba» ENGINEERS... 


become one of the first 
staff members of RCA’s new 
ENGINEERING OPERAT/ON 
at WHITE SANDS 
Proving Ground. 
The very nerve center 
of missile electronics | 


RCA is new to White Sands! 
Qualified electronic engineers can now 
begin a career in a responsible position where 
the atmosphere crackles with the stimulation 
of far frontiers in missile electronics. 

Specific RCA assignments are in missile 
electronics, ground support systems, missile 
guidance and complex launching systems. 

You must, of course. have your EE, ME or 
physics degree, several years’ electronic 
design experience . . . and must be 
familiar with one of these fields: 


System and sub-system analysis Internal instrumentation 
Reliability data contro} Equipment control 


Evaluation of Data analysis 
new components 


Projects will relate to sub-systems such as: 

PRECISION RADARS DATA PROCESSING EQUIPMENT 
DIGITAL DEVICES FIRE CONTROL 

ANALOG DEVICES DATA SIMULATION 


Start at an excellent salary... A full program of 
liberal benefits gives your income added security. 
RCA’s Tuition Refund Plan will provide for 
advanced studies. RCA pays relocation expenses. 


ARRANGE CONFIDENTIAL INTERVIEW 
WITH ENGINEERING MANAGEMENT 


Send complete resume to: 
Mr. David D. Brown, Dept. V-15E 
Mgr. Engineering Employment 
Radio Corporation of America 
Moorestown, N. J. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS oe 











EMPLOYMENT OPPORTUNITIES 





Control Systems Engineers 





PERSONNEL MANAGERS 


Marquardt engineers guide their 
projects from theory to 
final application 


Marquardt offers opportunities in 
the field of supersonic propulsion 


Professional engineers are needed at Marquardt Aircraft for 
interesting and challenging ramjet fuel controls projects. 
Here — in a creative climate — you will work on the design, 
development or production of fuel control systems which 
govern supersonic ramjet engine power, speed, and fuel air 
ratio and stability. In these automatic and scheduling 
controls, servomechanisms play a major role. 


Outstanding opportunities exist for engineers with a Bache- 
lor of Science Degree in Mechanical, Electrical, or Aero- 
nautical Engineering, Physics or Mathematics. Specialized 
competency is desired in Fluid Mechanics, Supersonic Aero- 
dynamics, Ramjet or Turbojet Engines, La Place Transform 
Theory, Feedback Control Theory, or Analog Computers. 


Professional engineers interested in working with the leader 
in ramjets, “the powerplant of the future’, are invited to 
contact Jim Dale, Professional Personnel, 16551 Saticoy 
Street, Van Nuys, California. 


BE) 


marquardt~ SE )atncnart co, 


Ly 
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Van Nuys, California - Ogden, Utah 


CONTROL ENGINEERING 














LOOKING FOR 
ENGINEERS 
TECHNICIANS ? 


Write 
for free 


copy of 


“RESERVOIR 
of ENGINEERS and 
TECHNICAL MEN” 


The engineers and technicians 
you want to reach are gathered in 
convenient, 


compact groups—as 


this 16-page booklet points out. 


It keys the job titles these men 
hold to the McGraw-Hill publica- 
tions they read for on-the-job in- 
formation. It explains how you can 
make contact . . . channel, con- 
centrate your employment advertis- 
ing to just the men with the job 
qualifications you want . . . without 
wasting advertising money for 
higher-priced space in publications 
with general circulation, in which 
you pay for perhaps 999 unquali- 
fied readers for every 1 who may 
meet your job requirements. 


Write for your free copy to 


Classified Advertising Division 
McGraw-Hill Publishing Co., Inc 
P. 0. Box 12, N. Y. 36, N. Y. 











Basic facts, data, and 


information you need 
for more effective 


CONTROL WORK 


Loomie 


@ 6 volumes 
assembled 
for your 
convenience 





@ 2505 fact- 
filled 
pages 


@ 1377 illus- 
trations to 
clarify each 
point 


W BRITTEN by experts, this Library offers 

you a thoroughgoing foundation in control 
engineering—facts, data, and engineering 
know-how to make your work easier, faster, 
and soundly engineered. You have every help 
in designing, analyzing, using, and working 
with control equipment of all types. 


The Library covers vital areas of control en- 
gineering—gives you practical facts and neces- 
sary theory on a host of subjects, together with 
reference information, drawings, and material 
in graphic and tabular form. 


CONTROL 
ENGINEERS’ 
LIBRARY —— 


Don’t wait for this field the coming 
to outgrow the background f 
you already have in engi- era o 
neering. Use this Library | AUTOMATION 
now to prepare yourself for 
transition to control engi- 
neering—or to turn our 

foothold in the field into a springboard to suc- 
cess. 


Look to this practical Library for vital data 
on control circuits... essential information on 
automatic feedback control systems... and 
the mathematical theory of servos. 


In addition, you find outlined the mathema- 
tical and physical mechanisms developed for 
use in automatic computation, important facts 
on d-c analog computers, and help on observing 
analogous systems. 


INCLUDES THESE VOLUMES: ¢ Cookrell’s Industrial 
Electronic Control « ondt end Taplin’s Automatic 
Feedback Control « Thaler end Brown's Servomechanism 
Analysis « Bnginee Research Associates’ High-speed 
Computing Devices « Korn and Korn’s — Analog 
Computers -« Analog 
Methods in Computation and Sim- 
ulation. 














Save 


$500 10 DAYS’ FREE TRIAL 
Special Library EASY TERMS 


Price saves you 


$5.00 over price 
of books bought 
separately. 

McGraw-Hill Book Co., Inc., | 


327 W. 41st St., N.Y. 36, N.Y. | 
me the ¢-rolume CONTROL ENGINEERS’ | 


Send 
LIBRARY for 10 days’ examination on approval. In 
10 days, I will remit $4.50, then $7.0 00 monthly there- 


PRINT 


Company 
Position 


Por price and terms outside U. Pp. 
write MoGraw-Hill Int’l., ¥. ¥. 





after until $39.50 is paid, or return books postpaid. | 


EMPLOYMENT OPPORTUNITIES 


aa rote i 


World's largest collegiate stadium—University of Michigan. 


Now’s the time to get a 





50 YARD LINE SEAT! 


The Bendix Systems Division is the newest division of Bendix 


Aviation Corporation. It is located adjacent to the University of 
Michigan in Ann Arbor. Its function is to integrate Bendix skills 
and facilities for systems planning, development and production. 


This new organization is being expanded rapidly. It is a fine 
opportunity to get in on the ground floor of this big and im- 
portant new part of Bendix, especially for men who feel their 
present chances for growth are not good. 

Specifically, we need men with experience in: 

SURVEILLANCE & RECON: radar, infrared, acoustics. 

WEAPONS: missiles, aircraft subsystems, guidance and control. 
DATA PROCESSING: analog and digital computers, displays. 
NUCLEAR: reactors, propulsion, special weapons. 
COMMUNICATIONS: radio, digital, data links. 

NAVIGATION: radio, inertial, ground-controlled. 
COUNTERMEASURES: Ec, decoys, electronic warfare. 

OPERATIONS ANALYSIS. 


For an interview, write or call (NOrmandy 5-6111) Bendix 
Systems Division, Ann Arbor, Michigan. 


Bendix Systems Division 
ANN ARBOR, MICHIGAN 
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PROFESSIONAL 
SERVICES @ Resea rch 


ENGINEERING OPPORTUNITIES me) 3 ix 


<= @ Patents 
Aircraft Radio Corp., the industry's leader in 


avionics for over 30 years, has openings on @ Instrumentation 
its staff for forward thinking engineers in the @ Control Systems 


following fields: @ Economic Studies 


@ Management 
= TRANSISTOR CIRCUIT 
PROJECT ENGINEER ao 


= SERVO AND INSTRUMENT ENGINEER fene ORT ANT 


Specializing in the design of gear trains for both 
power transmission and positional aecuracy. Wide 
experience in ultra-high speed gear train design 


= TECHNICAL WRITER |] 58 North Hancock Street Lexington, Massachusetts 


Telephone Volunteer 2-41 


w CHIEF ENGINEER TO HEAD SERVO AND McCann —e Company 
INSTRUMENT DEPT. reer geiry, Fomnsemnpee Ags eat 


for Synchros, Potentiometers, Gyros, Etc. 
Redesign of Products—Trouble Shooting 


Production—Automatic Machinery 
Special Machines with Sequence, Form 


Recognition, Dimension Decision and 
WRITE OR CALL COLLECT: Personnel Manager Special Environment Features. 


9210 So. Vermont Los Angeles 44, Calif. 


@ AIRCRAFT RADIO CORPORATION | === tec2vca: wanes 


mee” 5 ~~ Handbooks—Part Lists 
= Electronic Applications 
BOONTON, NEW JERSEY Deerfield 4-1800 Ext. 238 Weapons Systems Communications 
Guided Missiles Computers 
7503 Seven Mile Lane Phone HUnter 6-5996 
Baltimore 8, Md. 


























SVERDRUP & PARCEL, INC. 
Engineers—Architects 


Comprehensive Control Engineering Services 
Systems analysis and design of automatic controls 
and instrumentation for atomic energy .. . chem- 
ical plants . . . . petroleum refineries... . steel 
plants... . test facilities. ... and other process 
industries. 


915 Olive Street St. Louis 1, Missouri 








Research Engineers 
Machine Designers 
Electrical Engineers 


Draftsmen CONSULTING ENGINEERS 


Attention 


° ° P As already know, the field of Control En- 
@ Promotions within our company have wr : Remsen, 


fic gineering is growing by leaps and bounds 
created a number of opportunities for throug!-out all industries. What you might not 


qualified men to grow with our growing know 's that many, many companies have 
° P ° ‘ actually scheduled big programs in_ instru- 
engineering organization. | mentation and automatic control for 1957. 
If you'd like a career with a real future, Many of these firms, out of necessity, will 
with a long established company that’s have to enlist the aid of a Consulting Engi- 
. neer to solve problems that will arise resuit- 
widely known as a good place to work, ing from this changeover 
write or visit us now! By offering your specialized services 
. through a professional card in this “Profes- 
Write: c.T. Blake, Mgr. sional Services Section” of Control Engineer- 
Director of Engineering | ing you will attract new clients. Cards are 
set in standard size and style as shown 
WARNER x SWASEY co. above. The rates for this service are ex- 
tremely low. $49.20 per quarter on a six- 
5701 Carnegie Avenue * Cleveland 3, Ohio 11 month basis—and $45.00 per quarter on a 
twelve month basis. Bills are rendered each 
calendar quarter. Cash discount 2%-10th of 
the month following date of invoice. Send 
us your card for the next issue now. 
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Infinite resolution and absolute dependability 
distinguish CIC ultra-precise Potentiometers, In 
the generation of the sine wave CIC Pots pro- 
vide smooth, reliable performance, distortion 
free at all angles of rotation. 


CIC carbon film Sine-Cosine Pots, the proven 
product of a unique research program, provide 
greater accuracy in smaller case sizes. Sizes 
range from 1” to 5” diameter with correspond- 
ing best conformities from .3% to .03%. Com- 
pensation for loading can be provided with no 
loss of performance. 

At speeds in excess of 1,000 r.p.m. CIC guar- 
antees life in excess of two million revolutions. 


Many firms with critical specifications for in- 
dustrial instrumentation, military fire control 
and flight guidance equipment rely only on CIC 
Potentiometers. 

Our highly qualified engineers are ready to 
discuss your specific requirements with you. Call 
us today. 


“For Precision Performance ... specify CIC” 


Detailed Technical Data 
Sheets available on request. 
COMPUTER 
— INSTRUMENTS — 
CORPORATION 


92 Madison e.* Hempstead, Long Island, N. Y 


Advertising In This Issue 


AC Electronics Div. of General 
Motors Corp. 

AGA Division Elastic Stop Nut 
Corporation of America 

AMP Incorporated 

Ace Electronics Associates, Inc. 

Aerotech Specialties Inc 

Airpax Products Company. . 189, 

Allied Control Co., Inc... . .54, 

American Time Products, Inc.. . 

Ampex Corporation 

Amphenol Electronics Corpora- 


Analogue Controls, Inc 

Applied Science Corp., of Prince- 
ton 

Askania Regulator Company... . 

Automatic Electric Sales 
poration 


Cor- 


Automatic Temperature Control 
Co. 

Autonetics Division, North 
American Aviation Inc... 185, 


B/W Controller Corporation. . . 
Bailey Meter Company 
Baird-Atomic, Inc. 
Baldwin-Lima-Hamilton 
Barber-Colman Company... . 
Barksdale Valves 
Bendix Aviation Corporation 
Eclipse-Pioneer Division ... . 
Berkeley Division Beckman In- 
struments Inc. 
Biddle Co., James G. ......... 
Black, Sivalls & Bryson, Inc... . 


Blonder-Tongue Laboratories, 
Inc. 


Bowmar Instrument Corp 

Bristol Company, The 34 
Brush Electronics Company..6, 7 
Bryant Chucking Grinder Co... 40 


Burroughs Corp., Electronic In- 
struments Division 64 


Cash Company, A. W 51 
CBS-Hytron Div., Columbia 
Broadcasting System, Inc... . . 
CDC Control Services, Inc..... 14 
Clare & Co., C. 37 
Clifton Precision Products Co., 
Inc. 57 
Computer Instruments Corpora- 
tion 
Computer-Measurements Corp.. 203 
Conoflow Corporation 


(Continued on page 230) 
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for the development 
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ATCOTRAN 
DIFFERENTIAL TRANSFORMER 


EXPERIMENTAL KIT 


The research engineer can set 
up and operate seven different 
standard differential transfor- 
mers. . armatures, and 
shafts...to convert precise 
variations in position to a pro- 
portional electrical signal. 
Range covers from + .01” to 
+ 2.5". Flexure plate and 
clamp, which positions coils, 
and demodulator are included. 


. coils, 


Kit also contains 32-page 
TRANSDUCER HANDBOOK 
containing the most complete 
and up-to-date information on 
the theory, development, and 
application of differential trans- 
formers. Profusely illustrated 
with charts, drawings and 
circuits. 

List price of Kit contents is 
$324.00. Introdue- 
lory offer... 

only #18950 

Order your Atcotran 
Experimental Kit 
today. 


AUTOMATIC TEMPERATURE CONTROL, INC. 
SUBSIDIARY OF SAFETY INDUSTRIES, INC 

5242 Pulaski Avenue, Phila. 44, Pa. 
Please send me on Atcotran Differential 
Transformer Experimental Kit and invoice 
$189.50 against our purchase order 

No. 


NAME 





COMPANY. 





ADDRESS 





CITY. 
EEE 








New’ E Relay 


interchangeable with 
many other makes 





Stromberg-Carlson’s new type “E” 
relay combines the _ time-proven 
characteristics of the type “A” relay 
with a mounting arrangement com- 
mon to many other makes. 

As the sketch above shows, our 
new frame mounting holes and coil 
terminal spacing allow you to spec- 
ify these relays—of “telephone qual- 
ity” —interchangeably with brands 
you have been using. Costs are com- 
petitive and expanded production 
means prompt delivery. 

Welcome engineering features of 
the new “E” relay are— 


* Contact spring assembly: maximum of 20 
Form A, 18 B, 10 C per relay. 


* Coil: single or double wound, with taper tab 
or solder type terminals at back of relay. 
* Operating voltage: 200 volts DC maximum. 


You may order individual can cov- 
ers in a choice of 3 sizes for the new 
relay, as well as for our type “A” 
and “C” relays. 


For complete details and specifi- 
cations on the “E” relay and other | 
Stromberg-Carlson relays, send for | 
your free copy of Catalog T-5000R. | 


STROMBERG-CARLSON | 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELECOMMUNICATION INDUSTRIAL SALES 
112 CARLSON ROAD, ROCHESTER 3, N. Y. 


Consolidated Electrodynamics 
Corporation 49, 155 
Control Div. Magnetics, Inc..20, 21 
Cords Limited Div., Essex Wire 
a MY OE eee eee ieee 
136 


Cuno Engineering Corp.. . 


Dahl Company, George W..... 

Daystrom Systems Division, 
Daystrom, Inc. .... 

Decker Aviation Corp 

DeJur-Amsco Corporation 

Delco Radio Div. General 
Motors 

Detroit Coil Company 

Douglas Aircraft Co... 


DuMont Laboratories, Inc., 
Allen B. 


Eastern Air Devices, Inc 
Electric Auto-Lite Company, 


Electronic Associates, Inc 

Electrons, Incorporated 

Electro-Snap Switch & Mfg. Co. 193 

Electro Tec Corp 

Elgin National Watch Co., Elec- 
tronics Division 

Essex Wire Corp., Cords 
Limited Div. . . 


160 


Fairchild Controls Corp., Com- 
ND MMs ss oo st'a vlnoies 
Feedback Controls, Inc 
Fischer & Porter Company 
Fourth Cover, 


Ford Instrument Company, Divi- 
sion of Sperry Rand Corpora- 


Foxboro Company, The... .16, 


G-M Laboratories, Inc... . 

Gamewell Company, The 

Gast Manufacturing Corp..... 

General Electric Company 
Electronic Components Dept. 
Electronics Park 


General Mills, Mechanical Divi- 


Giannini & Co., Inc., G. M. ... 
Goodyear Aircraft Corporation. . 
Gow-Mac Instrument Co 
Green Instrument Co... 
Groban Supply Co 

Guardian Electric 

Gulton Industries, Inc 


| 





McGRAW-HILL 
TECHNICAL WRITING 
SERVICE 


TWS offers you a single 
INTEGRATED publishing 
service prepared to under- 
take a project from research 
and planning through fin- 
ished manuscript and art, 
typesetting, mechanical 
preparation, printing and 
binding. Whatever the situ- 
ation, whatever the type of 
literature you need, our edi- 
torial and art consultants can 
help you, bringing to your 
most specialized job the 
craft and skill of publishing 
experts. 


WRITING EDITING 
ILLUSTRATING 
PRINTING 


TO YOUR OWN OR 
GOVERNMENT SPECIFICATIONS 


Whether you need an in- 
struction book or service 
manual, to accompany your 
equipment, written to gov- 
ernment’ specifications . . . 
e » . OF product catalogues 
or training booklets . .. or 
annual reports . . . or com- 
pany histories . . . our writ- 
ing staff can do the job for 
you, our artists can create 
and execute the _ illustra- 
tions. And McGraw-Hill 
printing, binding, and paper 
resources are among the 
best in the country. 


SAVE MONEY AND TIME 


LET OUR STAFF BE 
YOUR STAFF FOR 
TECHNICAL and BUSINESS 











PUBLICATIONS 


ASK 
OUR REPRESENTATIVE 
TO CALL 


Write + Phone 


Technical Writing Service 1 
McGraw-Hill Book Co., Inc. I 


330 W. 42nd St., N. Y. 36, N. Y. | 
LOngacre 4-3000 
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| 
oe 


ahaa de Geen an ctktin onal 


230 CONTROL ENGINEERING 











SAVE $84.50 . . . BRAND NEW 
MASTER & SLAVE 


© TMTUEE oe 
REMOTE CONTROL SET 


Designed for remote operation of controls 
on special machinery, throttles, engines, 
‘ y com- 

icated mechan- 
linkages, 
pulleys, 


ninates 


The master unit connects to the slave unit 
with a single 4” tube. When master con- 
trol lever is moved, slave lever follows ex- 
actly Light compact, aluminum alloy 
construction. Government acquisition cost 
2.00. Dim. of both units: 54” W. 9” 
D, (exel. of handle). Ship 
Wt, 8 lbs. F.O.B, Chicago 


(Note tubing not supplied) per pair 


SATISFACTION GUARANTEED 


GROBAN SUPPLY CO. 


Dept. CE-5 
1139 S. Wabash Ave., Chicago 5, Ill. 











Available 


A few back issues of 
CONTROL ENGINEERING 


Because of the tremendous de- 
mand for CONTROL ENGI- 
NEERING, most of the early 
issues are completely gone. But 
we do have the following back 
issues still on hand in the quan- 
tities shown, on a strictly first- 
come first-served basis. Price: 
50¢ a copy. 
December 1954 5 copies 
September 1955 —14 
October 1955 — 5 
November 1955 — 8 
December 1955 —12 


January 1956 

February 1956 
April 1956 —25 
May 1956 —46 
August 1956 —41 
September 1956 —31 
October 1956 —32 
November 1956 —63 
December 1956 —76 


= % 
—_% 


Please send check or money order 
payable to CONTROL ENGINEERING, 
attention Circulation Manager, 

330 W. 42nd St., New York 36, N. Y. 
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Haydon Company, The A. W. 

Hays Corporation, The. 

Hetherington Inc. 

Hewlett-Packard Company 

Holtzer-Cabot Motor Division, 
National Pneumatic Co., Inc. 

Humphrey Inc. ..... 

Hunter Mfg. Co., Inc... 

Hycon Eastern, Inc.. 


International Resistance Com- 


Jet Propulsion Lab. Division of 
California Institute of Tech- 


Kearfott Company, Inc 
Kepco Laboratories, Inc.. . 
Kintel (Kay Lab) 
Kurman Electric Co., Inc 


Lambda Electronics Corp 

Leeds & Northrup Co 

Leland, Inc., G. H 

Librascope, Inc. ...... Second Cover 
Lockheed Aircraft Corporation. . 205 


Magnecraft Electric Co........ 130 
Magnetic Amplifiers, Inc 


Manning, Maxwell & Moore, 
Inc. 


Marsh Instrument Co......... 
McGraw-Hill Book Co., Inc... . 
Meriam Instrument Company, 


206 
208 


Micro Switch a Division of Min- 
neapolis-Honeywell Regulator 
Company 


Midwestern Instruments 


Minneapolis-Honeywell Regu- 
lator Company 
Aeronautical Division 
Boston Division 


Muirhead & Company, Lt’d... . 


New Hampshire Ball Bearings, 
Inc. 


Non-Linear Systems, Inc 
North Electric Company 


Offner Electronics 
Ohmite Manufacturing Company 
Oster Mfg. Co., John 


(Continued on page 232) 


PENBERTHY 


ILLUMINATORS 


FOR LIQUID LEVEL GAGES 


illumination 
of 
Liquid Level 


Penberthy explosion-proof, dust-tight illu- 
minators . . . with clear, plastic wedge .. . 
distribute bright EVEN light along entire 
length of gage glass. Rear lighting makes 
liquid level stand out sharp and clear. Accu- 
rate readings are easier from all angles and 
longer distances. 
Explosion-proof illuminators can be 
installed on gages now in service, or on 
new gage installations. Available in single 
and double sections; for gages with three or 
more sections, order combinations of both 
. specify gage size or length of visible 
slot. 
Standard 15 watt bulb and electric wiring 
housed in aluminum casing. Adjustable 
brackets permit easy installation to gage 
cover. Approved by U.L.I. for electric light- 
ing fixtures used in hazardous locations for 
Class 1, Groups C and D service. 


For information on the 
complete line of Penberthy 
gages, valves, and 
accessories, WRITE for j} 

NEW Catalog #36.* 


: FAME) 


7, 


. 
. 
Ma —, 
+ 


ING 


PENBERTHY MANUFACTURING CO. 


Division of Buffalo-Eclipse Corporation 


1242 Holden Ave., Detroit 2, Michigan 


Te eee, 
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FREE DESIGN 
HANDBOOK! 


7 2-PAGE 
TECHNICAL MANUAL 
AND CATALOG ON 


MICRO-BEARINGS | 


miniature 
ball bearings 


If you work with miniature instru 
ment-type ball bearings you'll find 


* this new, authoritative publication 


: a complete, handy source of engin- 
eering data and specification in- 


© formation. 


HELPS SOLVE 
DESIGN PROBLEMS 


_ Far more than an ordinary catalog— 
it contains a helpful survey of fac- 
tors to consider in selecting and 
+ applying miniature ball bearings— 
| plus 60 pages of engineering bul- 
> letins covering all the aspects of 
© bearings important to designers... 


Available types 

Radial and axial play 
Dynamic and static loads 
Lubrication 

Torque 

Mounting practices, etc. . 


Sent FREE to Engineers, 
Draftsmen, and Purchasing Agents 
Write for your copy... 


NEW : 

HAMPSHIRE 

BALL 3 
BEARINGS, INC. 


PETERBOROUGH 1, N.H. 


ace 
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Palmer Thermometers, Inc... . . 

Parker Hartford Corp., The... . 

Peerless Elect’l]. Products a Div., 
of Altec Lansing Corp 

Penberthy Mfg. Company 

Perkin-Elmer Corporation 
Vernistat Division 

Perkin Engineering Corp 

Philco Corp., Lansdale Tube Co., 
Div. 

Phillips Control Corp... . . 

Potter & Brumfield, Inc.. . 


Potter Instrument Company, 
Inc. 


R-F Electronics, Inc., Div. of 
Electro Switch Corporation. . 
Radiation, Inc. es 
Radio Frequency Labs., Inc... . 
Rahm Instruments, Inc.. 
Ramo-W ooldridge 


Corporation, 


Reeves Instrument Corporation. 


Robertshaw-Fulton Controls Co., 


Fielden Instrument Division. . 
Royal McBee Corporation 
Ruge Associates, Inc., Arthur C. 


SW Electronics A Division of 
Stewart-Warner Corporation . 

Sanborn Company, Industrial 
Division 

Sarkes Tarzian, Inc. 

Schutte and Koerting Company. 

Servo Corporation of America. . 

Servomechanisms, Inc. 

Sigma Instruments, Inc 

Skinner Electric Valve Division. 

Sola Electric Company 

Sorensen & Company, Inc... .. 

Statham Laboratories 

Stevens Amold Inc 

Stromberg-Carlson 


R. M. H. BERG 
W. C. CARMICHAEL 
District Managers 


ATLANTA 3: 


Swartwout Company, The 
Systems Laboratories Corpora- 


Technitrol Engineering Com- 
pany vee 166 
Technology Instrument Corp. 
Phird Cover 
Texas Instruments Incorporated 36 
lomkins-Johnson Co., The 168 


U. S. Gauge Div. American Ma- 
chine & Metals, Inc. 


Van Keuren Co., The 
Vector Manufacturing Company 
Victor Equipment Company. . . 
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LIFE iS NO PROBLEM 
WITH 


PRECISION 
, POTENTIOMETERS 


BEFORE 


Take for instance a recent test report on the TIC Type ST20, 
a 2-inch, low-torque, ball-bearing precision potentiometer. The 
life test was conducted on a standard 6500 ohm unit. At 
30RPM the ST20 was subjected to 700,000 cycles, reversing 
direction every 30 minutes. The linearity graphs shown above 
show the before and after of the ST20’s independent linearity. 
As can be seen, the linearity change is imperceptible. 


Some of the change in linearity after the life cycling can be attributed to 
change in effective resolution due to contact wear. Other results from the 
life test indicate less than 100 ohm equivalent noise resistance except for 
one spot, where it was less than 1000 ohms. The 1000 ohm spot was of such 
short duration that the linearity recording did not pick it up. Test 
Summary: The ST20 performed with only infinitesimal 
degradation for over 700,000 cycles. If it’s long life at full 
precision performance, that you want, specify precision potentiometers 


by TIC. 
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PUT SYSTEMS THEORY INTO PRACTICE 


It’s one thing to define systems theory, quite 
another to put the principles into practice. Auto- 
matic end point process control can only be 
achieved by coupling systems theory with sound 
instrument engineering. 


At Fischer & Porter, system designers define 
control relationships... probe the process dy- 
namics. When classic mathematical techniques 
prove inadequate, general purpose analog com- 
puters simulate control relationships under all 
conceivable conditions... at a mere fraction of 
the cost required with actual instruments. 


Thus, the foundation is laid for an optimum 
system. But building it is the job for F&P instru- 
ment engineers. Ranges...accuracies... 
speeds take the place of parameters. Indicating, 
recording, and control instruments... data 
loggers . . . computers—fill the system diagram 
block by block. Critical instruments are indi- 


vidually tested in special purpose laboratories . . . 
even locked into the system analog if necessary. 


This combination of systems analysis and 
instrument engineering led Fischer & Porter... 
to develop automatic loggers, multiple pressure 
readout systems, and analog-to-digital converters 
... tointegrate a computer into a process control 
system for instantaneous optimizing of the entire 
system, for the first time in control history. 


This is the philosophy by which Fischer & 
Porter systems are built . . . imaginative systems 
design supported by realistic instrumentation. 
To put the F & P systems approach to work on 
your process, get in touch with the F & P sales 
engineer nearest you. Or, write Fischer & Porter 
Company, 757 County Line Road, Hatboro, Pa. 
In Canada, write Fischer & Porter (Canada) Ltd, 
2700 Jane Street, Toronto, Ontario, Canada. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 





